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A RFI site, SWMU 11 is located near the interchange formed by the junction of Bainbridge 2 

Avenue and Viaduct Road. It is currently an open space, landscaped with grass. From the early 3 

1940s to the early 1970s, the site was a settling pond used for the disposal of calcium hydroxide 4 

generated as a byproduct of the production of acetylene gas. Unknown quantities of water 5 

saturated with calcium hydroxide were discharged into the pond, which discharged supernatant 6 

into Shipyard Creek. Soil borings taken during initial assessments found sludge depths of one 7 

foot. Groundwater samples collected from around the site indicated a neutral pH. A 1982 8 

Confirmation Study (Geraghty and Miller, 1982) indicated that groundwater pH ranged from 6.3 9 

to 7.3, and that calcium and chloride contents and specific conductances were slightly elevated. 10 

It was assumed that naturally occurring acidic soils at the site neutralized the relatively high pH II 

of the caustic water infIltrating from the pond. A wetland area south of Bainbridge Avenue 12 

currently receives surface runoff from drainage culverts leading from the site. 13 

10.8.1 Site Geology and Hydrogeology 14 

Figure 10.8-1 depicts the soil and groundwater sampling locations within this area. Appendix A 15 

contains the boring logs and the monitoring well construction diagrams for the three wells installed 16 

at SWMU 11. Based on the three monitoring well boring logs, the stratigraphy at SWMU 11 17 

consists of varying mixtureS of alternating silty clay, clayey sand and silt to a depth of i8 

approximately 12 ft bgs. The observed clayey sand exhibits an average grain size distribution of 19 

56% sand, 15% silt, and 29% clay. 20 

The groundwater elevation at SWMU 11 is approximately 6.0 ft ms!. Figures 10.8-2 and 10.8-3 21 

depict the shaiiow groundwater potentiometric surface and inferred flow direction at iow- and 22 

high-tide respectively. Minor differences in the static water levels and the overall flow pattern at 23 

the SWMU 11 area were observed. Shallow groundwater at SWMU 11 flows generally to the east 24 

northeast. The horizontal hydraulic conductivity calculated from slug testing, varied from 3.1 to 25 

10.8.1 
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4.3 ft/day. The horizontal hydraulic gradient, based on Figure 10.8-2 is 6.3E-03 to the east 

northeast. The horizontal flow velocity was calculated from SWMU data at 5. 7E-02 ft/day. 2 

10.8.2 Field Investigation Approach 3 

The objective of the field investigation at SWMU 11 was to: (1) confmn the presence or absence 4 

of contamination in the site area; (2) delineate aoy contamination found; and (3) provide sufficient 5 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 6 

the investigation area included soil, sediment, and groundwater. Section 3 of this report details 7 

the methods used during the field investigation. Included in this section are descriptions of the 8 

DPT procedures used for site screening; the haod auger procedures used for soil sampling; the 9 

hollow stem auger procedures used for shallow well installation; sediment and groundwater 10 

sampling procedures; and miscellaneous procedures used during the field investigation. Also 11 

discussed are the analytical protocols for sample analyses. Appendix D contains the analytical data 12 

report for samples collected in Zone G. 13 

10.8.3 DPT Sampling and Analysis 14 

A DPT screening effort was conducted to supplement the original soil investigation for this site 15 

and to define the areal extent and thickness of residual sludge at the site. It was also conducted 16 

to further assess the pH of the unsaturated and saturated zones. Eight push sa..TIlples were collected 17 

at SWMU 11. Of these, six included both upper and lower sampling intervals, while two included 18 

the upper interval only. An additional deeper soil sample was collected at two locations. DPT 19 

samples were analyzed for metals at DQO Level III, and pH. Table 10.8.1 summarizes the 20 

SWMU 11 DPT sampling and analyses. 21 

10.8.5 



Boring 
Location 

011 SPOOl 

011SPOO2 

011SI'OO3 

OIlSP004 

01lSI'OO5 

011SP006 

0!ISPOO7 

011SPOO8 

Note: 

Sample 
Identifier 

011S1'OO101 
011SI'OOI02 
011S1'OO103 

Vi iSP0Q201 
OIISP00202 

0llSI'OO301 
01lS1'OO302 

01lSP00401 

0llSI'OO501 
OIlSI'OO502 

011SPQ0601 
011SP00602 
011SP00603 

011SP00701 
011SI'OO702 

011SP00801 

SW -846 (metals) at DQO Level III; pH 

10.8.3.1 DPT Results 

Sample 
Interval 

Upper 
Lower 

Uppei 
Lower 

Upper 
Lower 

Upper 

Upper 
Lower 

Upper 
Lower 

Upper 
Lower 

Upper 

Inorganic Elements in DPT Soil Samples 

Zone G ReRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spec&1.c Evaluations 
Revision: 0 

Table 10.8.1 
ZoneG 

SWMUll 
DPT Samples 

Date 
Collected Analyses Remarks 

10/16/96 See note 

10/16/96 See note 

10116/96 See note 

10/16/96 See note Lower interval not sampled 

10/16/96 See note 

10/17196 See note 

10116/96 See note 

10117196 See note Lower interval not sampled 

2 

Twenty-three inorganic elements were detected in surface and subsurface DPT soil samples, at 

SWMU 11. Only one detection of thallium in surface soil exceeded the RBC or SSL and 4 

background concentrations. Surface soil sample 01lSP002 exhibited a detection of 1.0 mg/kg 5 

which Ol'Jy slightly exceeded the R..BC of 0,95 mg/kg. 6 

10.8.6 



pH in DPT Soil Samples 
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Surface soil DPT pH sample results ranged from 4.94 to 9.99. Subsurface pH results ranged from 2 

4.63 to 12.6. Two samples were collected from a deeper saturated interval. These samples 3 

exhibited pH's of 7.21 and 11.7. Location 01lSPOO6 exhibited the highest pH results in the 4 

second (12.6) and third (11.7) intervals. Appendix D contains the SWMU 11 DPT analytical 5 

results. 6 

10.8.4 Soil Sampling and Analysis 7 

The approved [mal RFI work plan proposed advancing five soil borings within the SWMU 11 area 8 

to detect the presence of any soil contamination from this site. Upper and lower interval soil 9 

samples were proposed from each boring. During the field investigation, five soil borings were 10 

advanced within the site area (Figure 10.8-1). Three borings included both upper and lower II 

sampling intervals, while two borings included the upper interval only. Where not collected, the 12 

lower interval sample was not collected due to obstructions in the borehole, or because of the 13 

shallow water table. In accordance with the approved final RFI work plan, soil samples were 14 

analyzed for metals at DQO Level ill, and pH. Several SWMU 11 samples were also analyzed 15 

for cyanides. Additionally, one upper interval duplicate soil sample was collected at SWMU 11 16 

for Appendix IX analyses at DQO Level IV. Table 10.8.2 summarizes the SWMU 11 soil samples 17 

and analyses. 18 

Boring Sample 
Location Identifier 

011SBOOl 011SBOO101 
OIlSBool02 

01lSB002 0llSB00201 

01lSB003 0l1SBOO301 
0llCB0030l' 
011SB00302 

Sample 
Interval 

fT ......... 
""PP"'" 

Lower 

Upper 

Upper 

Lower 

Table 10.S.2 
ZoneG 

SWMUll 
Soil Samples and Analyses 

Date 
CoUected 

8/28196 

8/28/% 

8/28/96 

10.8.7 

Analyses Remarks 

Note !!cyanide 

Note lIcyanide Lower interval not sampled 

Note lIcyanide 
Note 2 *Duplicate sample 



Boring Sample Sample 
Location Identifier Interval 

OlISBOO4 011SBOO401 Upper 

01158005 OliSBOO501 Upper 
011SBOO502 Lower 

Notes: 
I SW-846 (melals) at DQO LevellIl; pH 

Table 10.8.2 
ZoneG 

SWMU 11 
Soil Samples and Analyses 

Date 
Collected 

9120196 

9120196 

Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

Analyses 

Note 1 

Note 1 

Section 10 - Site-Spec~1c Evaluations 
Revision: 0 

Remarks 

Lower interval not sampled 
due to obstruction 

2 Appendix IX suite: Appendix IX (pesticides/PCBs, herbicides, SVOCs, VOCs); SW-846 (metals, dioxins, OP-pesticides); 
cyanide; hex-chrome at DQO Level IV 

* Duplicate sample 

10.8.4.1 Nature of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.8.3. Inorganic analytical 2 

results for soil are summarized in Table 10.8.4. Table 10.8.5 summarizes all analytes detected 3 

in soil at SWMU 11. Appendix D contains a complete analytical data report for all Zone G 4 

samples collected. 5 

Volatile Organic Compounds in Soil 6 

Two VOCs, trichloroethene, and benzene were detected in the surface soil duplicate sample 7 

collected at SWMU 11, at concentrations far below the RBCs for these compounds. 8 

Semivolatile Organic Compounds in Soil 9 

No SVOCs were detected in the surface soil duplicate sample collected at SWMU 11. IO 

10.8.8 
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Table 10.8.3 
ZoneG 

SWMU 11 
Organic Compound Analytical Results for Soil 

Paramei4!fS 
Sample 
Interva1 

Frequency 
of 

Detection 

Volatile Organic COmlM)unds (Upper Interval ~ 1 DuJllicate Sample) (jig/kg) 

Benzene 

Trichloroethene 

Upper 
Lower 

Upper 
Lower 

Dioxins (Upper Interv:il ~ 1 Duplicate Sample) (og/kg) 

Dio.in(2.3.7.8-TCDD TEQ)' Upper 
Lower 

III 
010 

III 
010 

111 
0/0 

pH (Upper Interval - S Samples plus 1 Duplicate Sample/Lower Interval- 3 Samples) (SU) 

pH 

Notes: 

Upper 
Lower 

5/5 
3/3 

RaDl:e of 
Detections 
~glkg) 

3.00 
NA 

3.00 
NA 

0.1004 
NA 

7.50·8.09 
4.93 - 8.21 

Mean of 
Detections 
~g/kg) 

3.00 
NA 

3.00 
NA 

0.1004 
NA 

7.85 
6.48 

Reference 
Cone. 
~g/kg) 

22000 
30 

58000 
60 

1000 
1900 

NA 
NA 

I Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 2 (USEPA. 1995b) 

Number of 
Samples 

Exceedin.g 
Referem:e 

o 
o 

o 
o 

o 
o 

NA 
NA 

Residential RBCs (THQ=O.l) were us,~d as a reference concentration for upper interval samples. Generic soil-to-groundwater SSLs (DAF=20) from the Soil Screening Guidance: 

ND 
NA 
nglkg 
~g/kg 

SU 

Technical Background Document (USEPA, 1996b) were used as a reference concentration for lower interval samples 
Not detected 
Not applicable 
Nanograms per kilogram 
Micro!:rams per kilogram 
Standard units 

lD.8.9 
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Table 10.8.4 
ZoneG 

SWMUll 
Inorganic Analytical Results for Soil 

R.ange 
Frequency of 

Sample of Deltections 
ParamE,{erS Interval Detection (DIg/kg) 

Inorganics (Upper Intl~rval - S Samples plus 1 Duplic;~te Sample/Lower Interval - 3 Samples) (mg/kg) 

Aluminum (AI) Upper 515 20~)· 7060 
Lower 3/3 2780 ·11100 

Arsenic (As) Upper 515 1.00 • 5.10 
Lower 3/3 1.80·4.30 

Barium (B.) Upper 515 4.60 - 27.9 
Lower 3/3 11.1 ·41.8 

Beryllium (Be) Upper 515 0.18·0.47 
Lower 3/3 0.19·0.53 

Cadmium (Cd) Upper 3/5 0.05 . 0.24 
Lower 3/3 0.13·0.24 

Calcium (Ca) Upper 515 4730·50050 
Lower 3/3 1650 - 7180 

Chromium (er) Cpper 515 5.00· 13.2 
Lower 3/3 6.20· 14.0 

Cobalt (Co) Upper 515 1.00 . 1.50 
Lower 3/3 0.117· 1.80 

Copper (Cu) Upper 515 0.60· 16.2 
Lower 3/3 0.57·8.30 

10.8.10 

Mean 
of 

DetectiolrJS 
(mg/kg) 

4620 
7580 

3.44 
3.10 

16.3 
25.1 

0.306 
0.343 

0.130 
0.183 

16900 
3670 

8.68 
10.9 

1.18 
1.29 

7.53 
3.49 

Reference 
Cone. 

. 
(mg/kg) 

7800 
1000000 

0.43 
29 

550 
1600 

0.15 
63 

3.90 
8 

NL 
NL 

39.0 
1000000 

470 
2000 

27000 
920 

Nwnber of 
Samples 

Exceeding 
Reference 

o 
o 

5 
o 

o 
o 

5 
o 

o 
o 

NA 
NA 

o 
o 

o 
o 

o 
o 
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Table 10.8.4 
ZoneG 

SWMUll 
Inorganic Analytical Restlllts for Soil 

Range Mean Number of 
Frequency of of Referel!ce Sampll~s 

Sample of De'tections Detections Cone. Exceeding 
Paramders Interval Detection (mg/kg) (mg/kg) (mg/kg) Reference 

Cyanide (CN) Upper 3/3 0.19 - 0.22 0.203 160 0 
Lower 'h 0.15 0.150 40 0 

Iron (Pe) UlPper 515 266D - 9530 5450 2300 5 
Lower 3/3 3210 - 10800 8170 NL NA 

Lead (Pb) Upper 515 3.0J - 1100 230 400 I 
Lower 3/3 14.2 - 18.0 16.4 400 0 

Magnesium (Mg) Upper 515 244 - 614 514 NL NA 
L)wer 3/3 534 - 847 664 NL NA 

Manganese (Mn) Upper 515 9.10 - 46.7 35.9 180 0 
Lower 3/3 42.2·60.6 49.7 1100 0 

Mercury (Hg) Upper 3/5 0.05 - 0.20 0.117 2.30 0 
LDwer 1/3 0.05 0.05 2.1 0 

Nickel (Ni) Upper 515 1.25 - 4.00 2.61 160 0 
Lower 3/3 2.00 - 3.50 2.67 130 0 

Potassium (K) lipper 3/5 77.0-221 154 NL NA 
Lower 213 229 - 427 328 NL NA 

Selenium (Se) Upper 2/5 0.56 - 1.10 0.830 39.0 0 
Lower 1/3 0.45 0.450 5 0 

Sodium (Na) Upper 3/5 164 - 647 356 NL NA 
Lower 2/3 245 - 246 245.S NL NA 

10.8.11 
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Tin (So) 

Vanadium (V) 

Zinc (Zn) 

Noles: 

* 

NL 
NA 
mg/kg 

Table 10.8.4 
ZoneG 

SWMUll 
Inorganic Analytical Results for Soil 

Range Mean Number of 
Frequency of of Reference Sample,s 

Sample of Detections Detections Conc. 
. 

Exceedilng 
Parameters Interval Detection (mglkg) (mglkg) (mglkg) Reference 

Upper 2/5 6.00 - 6.10 6.05 4100 0 
Lower 1/3 6.80 6.80 11000 0 

Upper 515 6.0:5 - 16.3 10.5 55.0 0 
L(lwer 313 lU-22.7 11.8 6000 0 

Upper 515 6.10 - 48.6 24.4 2300 0 
Lower 313 11.9-41.5 22.2 12000 0 

Residential RBCs (THQ=O.I) were used as a reference concentration for upper interval samples. Generic soil-ta-groundwater SSLs (DAF=20) from the Soil Screening Guidance: 
Technical Background Document (USEIPA, 1996b) were used as a reference concentration for lower interval samples 
Not liSlted 
Not applicable 
Milligrams per kilogram 

10.8.12 
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Table 10.8.5 
ZoneG 

SWMU 11 
Analytes Detected in Surface and Subsurface Soil 

Soil to 
Residential Groundwater 

Surface RBe' Surface Subsurface SSL' Subsurfal:e 
Parameters: Location Cone. (THQ=O.I) E:ackground Cone. (DAF=20) Backgrowild 

Volatile OCG!nic Coml)Ounds ~G!kiU 

Tricbloroethene 011SBOO3 3 58000 NA NT 60 NA 

Benzene 011SBOO3 3 22000 NA NT 30 NA 

Dioxins (nglkg) 

Dioxin (2,3,7,8-TCDD TEQs/ 011S8OO3 0.1004 1000 NA ND 1900 NA 

EH ~SU) 

pH 011SBOOI 7.85 NA NA 6.3 NA NA 
011SBOO2 7.87 NT 
011SBOO3 7.50 4.93 
011SBOO4 7.94 NT 
011SBOO5 8.09 8.21 

Inorganics (mglkg) 

Aluminum (AI) 011SBOOI 6260 7800.0 18700 11100 1000000 23600 
0\ ISBOO2 3750 NT 
011SBOO3 2050 8860 
011SBOO4 7060 NT 
0\ ISBOO5 4000 2780 

Arsenic (As) 011SBOOI 4.3 0.43 17.2!l 3.2 29 15.5!l 
011SBOO2 I NT 
01lSBOO3 4.1 4.3 
011SBOO4 5.1 NT 
011SBOO5 2.7 1.8 

10.8.13 
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Table 10.8.5 
ZoneG 

SWMU 11 
Analytes Detected in Surface and Subsurface Soil 

Soil to 
Residential Groundwater 

Surface RBe' Surface Subsurface SSL* Subsurface 
Parameter~: Location Cone. (THQ=O.I) Elackground Cone. (DAF=20) Background 

Barium (8a) OI1SBOOI 25.1 550.0 109 22.5 1600 64.5 
011SB002 4.6 NT 
011SB003 7.95 41.8 
OI1SBOO4 27.9 NT 
0l1SB005 16 11.1 

Beryllium (Be) 0l1SB001 0.35 0.15 1.20 0.18 63 1.63 
011S0002 0.18 NT 
011S8OO3 0.29 0.53 
OI1SBOO4 0.47 NT 
011SB005 0.24 0.19 

Cadmium (Cd) 0l1SB001 0.24 3.9 1.07 0.18 8 0.48 
0l1SB003 0.05 0.24 
0l1SB005 0.1 0.13 

Calcium (Ca) OI1SBOOl 14900 NL NL 1650 NL NL 
OI1SBOO2 4730 NT 
0l1SB003 50050 2190 
011SBOO4 5390 NT 
0l1SB005 9600 7180 

Chromium (Cr) OI1SBOOl 13.2 39 VI 42.8 14 1000000 43.4a 

01lSB002 5 7800 III NT 
0l1SB003 5.6 12.l 
OI1SBOO4 10.4 NT 
OllSBOOl 9.2 6.2 

10.8.14 
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Table 10.8.5 
ZoneG 

SWMU11 
Analytes Detected in Surface and Subsurface Soil 

Soil to 
Residential Groundwater 

Surface RBC* Surface Subsurface SSL* Subsurfa1ce 
Parameters, Location Cone. (THQ=O.I) E:ackground Cone. (DAF=20) Background 

Cobalt (Co) 011SBOOI 1.2 470.0 6.60 1.2 2000 8.14 
01iSB002 I NT 
0115BOO3 I 1.8 
0115BOO4 1.5 NT 
0115B005 J.2 0.87 

Copper (eu) 01lS8001 16.2 27000 260 0.57 920 32.6 
01158002 0.6 NT 
01158003 1.34 1.6 
01158004 8.6 NT 
01158005 10.9 8.3 

Cyanide 01l5BOOI 0.22 160 0.38 0.15 40 0.22 
01158002 0.19 NT 
01158003 0.2 ND 

Iron (Fe) 01158001 7100 2300 NL 10500 NL NL 
01lS8002 2660 NT 
01158003 3795 10800 
01158004 9530 NT 
01lS8005 4160 3210 

Lead (Pb) 01158001 1100 400.0 181 17.1 400 66.3 
01158002 3 NT 
01l5B003 3.55 14.2 
01158004 15.5 NT 
01lS8005 29 18 

10.8.15 
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Table 10.8.5 
ZoneG 

SWMU 11 
Analytes Detected in Surface and Subsurface Soil 

Soil to 
Residential Groundwater 

Surface RBC' Surface SubsurfacE~ SSL* Subsurfa,ce 
Parameteri; Location Cone. (THQ=O.l) nackground Cone. (DAF=20) Background 

Magnesium (Mg) OllSBOOI 614 NL NL 847 NL NL 
01iSBOO2 244 NT 
01lSBOO3 593.5 612 
OllSBOO4 541 NT 
01lSBOO5 577 534 

Manganese (Mn) 01l5BOOI 39.3 180.0 325 42.2 1100 291 
01l5BOO2 9.7 NT 
01lSBOO3 42.65 60.6 
OllSBOO4 46.7 NT 
01lSBOO5 41.2 46.2 

Mercury (Hg) OllSBOOI 0.1 2.3 1.03 ND 2.1 0.31 
OllSBOO4 0.05 NT 
01lSBOO5 0.2 0.05 

Nickel (Ni) OllSBOOI 4 \60.0 20.6 2 130 18.3 
OIlSBOO2 1.8 NT 
0llSB003 1.25 2 . .5 
01l5BOO4 2.4 NT 
01lSBOO5 3.6 3 . .5 

Potassium (K) OIlSBOOI 22\ NL NL 427 NL NL 
0I1SBOO2 77 NT 
0I\SBOO3 \63 229 

Selenium (Se) OllSBOO4 1.1 39.0 1.22 NT 5 1.26 
0llSBOO5 0.56 0.<15 

Sodium (Na) OllSBOOI 258 NL NL 245 NL NL 
01lSBOO2 164 NT 
0llSBOO3 647 246 

10.8.16 
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Parameters Location 

Tin (So) 011S8004 
011S8005 

Vanadium (V) 011S8001 
011S8002 
011S8003 
011S8004 
011S8005 

Zinc (Zn) 011S8OO1 
01158002 
011S8003 
011S8004 
011S8005 

Notes: 
a Background value for non-clay samples 

Table 10.8.5 
ZoneG 

SWMU 11 
Analytes Detected in Surface and Subsurface Soil 

Surface 
Cone. 

6 
6.1 

14.6 
6.4 
6.05 

16.3 
9.2 

48.6 
6.7 

10.25 
18.6 
37.8 

Residential 
RBC' 

(THQ=O.I) 

4700 

55.0 

2300.0 

Surface 
Background 

9.67 

60.9 

519 

Subsurface 
CODC. 

NT 
6.8 

22.7 
NT 
18.9 

NT 
11.8 

11.9 
NT 
13.3 

NT 
41.5 

Soil to 
Groundwater 

SSL* 
(DAF=20) 

11000 

6000 

12000 

Subsurfaee 
BackgrOUlrld 

2.96 

72.4 

145 

Residential RBCs (THQ=O.1) were uSI~d as a reference concentration for upper interval samples. Generic soil-to-groundwater SSLs (DAF=20) from the Soil Screening Guidance: 

1 
ND 
NT 
NL 
NA 
SU 

Technical Background Document (USEPA. 1996b) were used as a reference concentration for lower interval samples 
Calcul<Lted from methods described in USEPA Interim Supplemental Guidance to RAGS:- Human Health Risk Assessment, Bulletin 2 (USEPA. 1995c) 
Not detected 
Not ta~,en 
Not listed 
Not applicable 
Standard units 

Bolded concentrations e,:ceed both the reference concentration (RBC or SSL) and the zone background 
All background values for Zone G are based on twice the. means of the grid sample concentrations 

10.8.17 
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No pesticides or PCBs were detected in the surface soil duplicate sample collected at SWMU 11. 2 

Other Organic Compounds in Soil 

Dioxin (2,3,7,8-TCDD TEQ) was detected in the surface soil duplicate sample below the RBC for 4 

this parameter. 5 

~~~ 6 

The five surface soil samples collected at SWMU 11 had a mean pH of slightly above neutral. 7 

The mean pH of the three subsurface soil samples collected at SWMU 11 had a mean pH of 8 

slightly below neutral. 9 

Inorganic Elements in Soil 10 

Twenty-one metals plus cyanide were detected in surface soil samples collected at SWMU 11. II 

Lead was detected at a concentration exceeding its respective RBC and background concentration 12 

for Zone G surface soil at one location. Figure 10.8-4 presents the lead concentrations detected 13 

in surface soil. Iron was also detected at concentrations which exceeded its RBC. Because iron 14 

is considered an essential nutrient, no background was determined. 15 

Twenty-one metals plus cyanide were detected in subsurface soil samples collected at SWMU 11, 16 

at concentrations far below their respective SSLs and background concentrations for Zone G 17 

subsurface soil. 18 

10.8.5 Sediment Sampiing and Anaiysis 19 

The approved final RFI work plan also proposed collection of two sediment samples at SWMU 11, 20 

to assess the impact of surface runoff to nearby wetlands. During the field investigation, two 21 

sediment samples were collected, one from the drainage culvert located on the south side of the 22 

10.8.18 
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Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

site, and another from an adjacent wetland area where the culvert discharges (Figure 10.8-1). In 

accordance with the approved final RFI work plan, these samples were analyzed for metals at 2 

DQO Level III, and pH. Table 10.8.6 summarizes the SWMU 11 sediment sampling and 

~_. 4 

Table 10.8.6 
Z..,ne G 

SWMUll 
Sediment Samples and Analyses 

Sample Location Sample Identifier Date Collected 

OIlMOOOI OIlMOOOIOI 9126196 

OIIMOOO2 01lMOOO201 9/26/96 

Note: 
SW-846 (metals) at DQO Level III; pH 

10.8.5.1 Nature of Contamination in Sediment 

Analyses 

See note 

See note 

Remarks 

No deviations from 
work plan. 

Inorganic analytical results for sediment are summarized in Table 10.8.7. Table 10.8.8 2 

summarizes all analytes detected in sediment at SWMU 11. Appendix D contains a complete 3 

analytical data report for all Zone G samples collected. 4 

Table 10.S.7 
ZoneG 

SWMU 11 
Analytical Results for Sediment 

Frequency Range of Mean of Number of 
of Detections Detections SSVs Samples 

Parameters Detection (mg/kg) (mg/kg) (mg/kg) Exceeding SSVs 

Inorganics (2 Samples) 

AI. 1 •• _:_ •• _ ,It 1\ 2/2 2960 - 3180 3070 NL NA ,..,.'u' .......... \.no., 

Arsenic (As) 2/2 1.40 - 1.60 1.50 7.24 0 

Barium (Ba) 212 7.30 - 15.7 11.5 NL NA 

Cadmium (Cd) 2/2 0.09 - 0.13 0.11 1.0 0 

10.8.20 



Frequency 
of 

Parameters Detection 

Calcium (Ca) 212 

Chromium (Cr) 2/2 

Cob.II(CO) 212 

Iron (Fe) 2/2 

Lead (Pb) 2/2 

Magnesium (Mg) 2/2 

Manganese (Mn) 212 

Mercury (Hg) 2/2 

Silver (Ag) 212 

Vanadium (V) 2/2 

pH (2 Samples)(SU) 

pH 2/2 

Notes: 
mg/kg 
NL 
NA 

Milligrams per kilogram 
Not listed 
Not available 

SSV Sediment Screening Value 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 ~ Site-Spec&"'ic Evaluations 
Revision: 0 

Table 10.8.7 
ZoneG 

SWMUll 
Analytical Results for Sediment 

Range of Mean of Number of 
Detections Detections SSVs Samples 

(mg/kg) (mgikg) (mgikg) Exceeding SSVs 

7310 - 35000 21200 NL NA 

5.60 - 6.70 6.15 52.3 0 

1.I0 - 1.20 1.15 NL NA 

2940 - 3180 3060 NL NA 

6.30-21.0 13.7 30.2 0 

284 - 565 425 NL NA 

12.8 - 38.7 25.8 NL NA 

0.05 - 2.10 1.08 0.13 

0.40 - 0.42 0.41 2.0 0 

5.50 - 6.80 6.15 NL NA 

7.83 - 12.0 9.92 NL NA 

SSVs from SuppLemental Guidance to RAGs: Region N Bulletins, Ecological Risk Assessment, Bulletin 2 (USEPA, 1995a) 

10.8.21 



Parameters 

Inorgauics (mg/kg) 

Aluminum (AI) 

Arsenic (As) 

Barium (Sa) 

Cadmium (Cd) 

Calcium (Ca) 

Chromium (er) 

Cobalt (Co) 

Iron (Pe) 

Lead (Pb) 

Magnesium (Mg) 

Manganese (Mn) 

Mercury (Hg) 

Silver (Ag) 

Vanadium (V) 

pH (SU) 

pH 

Notes: 
J..lg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
NA Not available 
SSV Sediment Screening Value 
Bolded concentrations exceed the SSV 

Table 10.8.8 
ZoneG 

SWMU11 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Analytes Detected in Sediment Samples 

Location 

OllMOOOI 
OllMOOO2 

OlIMOOOI 
OllMOOO2 

OllMOOOI 
OI!MOOO2 

OllMOOOI 
OIIMOOO2 

OllMOOOI 
01lM0002 

OllMOOOI 
OllMOOO2 

OIlMOOOI 
OllM0002 

OllMOOOI 
OllMOOO2 

OllMOOOI 
OllMOOO2 

OlIMOOOI 
OllMOOO2 

OllMOOOI 
OllMOOO2 

OllMOOOI 
01lM0002 

OllMOOOi 
OllMOOO2 

OllMOOOI 
01lM0002 

OllMOOOI 
OllMOOO2 

Concentration 

2960 
3180 

1.6 
1.4 

15.7 
7.3 

0.13 
0.09 

35000 
7310 

6.7 
5.6 

1.2 
l.l 

3180 
2940 

21 
6.3 

565 
284 

38.7 
12.8 

2.1 
0.05 

0.4 
0.42 

6.8 
5.5 

12 
7.83 

SSVs 

NL 

7.24 

NL 

1.0 

NL 

52.3 

NL 

NL 

30.2 

NL 

NL 

0.13 

'n •. v 

NL 

NL 

SSVs from Supplemental Guidance to RAGs: Region N Bulletins. Ecological Risk Assessment, Bulletin 2 (USEPA, 1995a). 
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Inorganic Elements in Sediment 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Fourteen metals were detected in sediment samples collected at SWMU 11. Mercury was detected 2 

at a concentration exceeding the SSV in one sample. Figure 10.8-5 presents the mercury 3 

concentrations detected in sediment at SWMU 1 L 4 

pH in Sediment 5 

Of the two sediment samples collected at SWMU 11, sample 011MOOOI exhibited a pH of 12. 6 

The pH of sample OllMOO02 was slightly above neutral, at 7.83. 7 

10.8.6 Groundwater Sampling and Analysis 8 

The approved final RFI work plan proposed the installation and sampling of three shallow 9 

monitoring wells within the SWMU 11 area to identify contaminants which may be migrating from 10 

the site in the shallow aquifer. During the field investigation, three wells were installed at this site II 

(Figure 10.8-1). These wells were installed at approximately l2 ft bgs in the upper sand layer of 12 

the Wando Formation. In accordance with the approved final RFI work plan, groundwater 13 

samples from this site were analyzed for metals at DQO Level III, and pH. Table 10.8.9 14 

summarizes groundwater sampling and analyses at this site. 

Well Nwnber 

011001 

011002 

011003 

Note: 

WeUDepth 

Shallow 

Shallow 

Shallow 

SW-846 (memls) at DQO Level III; pH. 

Table 10.8.9 
ZoneG 

SWMU11 
Groundwater Samples and Analyses 

Sample Identifier Date Sampled 

OIlGWoolO1 11111/96 

OllGW0020I 11/11/% 

0llGW00301 11/111% 

10.8.23 

Analyses 

See note 

See note 

See note 

Remarks 

No deviations from 
work plan. 

15 



10.8.6.1 Nature of Contamination in Groundwater 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Inorganic and pH analytical results for groundwater are summarized in Table 10.8.10. 2 

Table 10.8.11 summarizes all analytes detected in groundwater at SWMU 11. Appendix D 3 

contains a complete analytical data report for all Zone G samples collected. 4 

Inorganic Elements in Groundwater 5 

Fourteen metals were detected in the fIrst -quarter groundwater samples collected at SWMU 11. 6 

Iron was the only fIrst-quarter detection which exceeded the respective tap water RBC. Because 7 

iron is considered an essential nutrient, no background concentration was generated for this 8 

~~. 9 

pH in Groundwater 10 

pH in the SWMU 11 groundwater samples had a mean detection of slightly below neutral. 11 

10.8.7 Fate and Transport Assessment 12 

A RFI site, SWMU 11 is currently an open space, landscaped with grass. Environmental media 13 

sampled as part of the SWMU 11 investigation included surface soil, subsurface soil, sediments, 14 

and groundwater. Potential constituent migration pathways investigated for SWMU 11 include 15 

soil-to-groundwater, groundwater-ta-surface water, surface soil-t~-sediment, and emission of 16 

volatiles from surface soil to air. 17 

10.8.7.1 Soil-to-Groundwater Cross-Media Transport 18 

Table 10.8.12 compares maximum detected organic compound concentrations in surface soil and 19 

subsurface soii sampies to risk-based soil screening levels considered protective of groundwater. 20 

For inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based soil 21 

screening levels or (b) background concentrations. To provide a conservative screen generic soil 22 
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Table 10.8.12 
Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations 
NA VBASE Charleston, Zone G SWMU 11 
Charleston, South Carolina 

II I I I I 
Max. Concentration Max. Concentration Screening Concentration * 

Soil to Saltwater 
Surface Subsurface Shallow Deep GW Tap Water Surf. Wtr Soil Water 

Parameter Soil Soil GW GW SSL RBC Chronic Units Units 

Volatile Organic Compounds 
Benzene 3 NA NA NA 30 0.36 109 UGIKG VG"-

Trichloroethene 3 NA NA NA 60 16 NA UGIKG VG"-

Dioxin Compounds 
Dioxin (TCDD TEQ) 0.1004 NA NA NA 1900 0.45 10 NGIKG PG"-

Inorganic Compounds 
Aluminum 7060 11100 997 NA 1000000 37000 NA MGIJCG VG"-

Arsenic 5.1 43 9 NA 29 17.8 36 MGIKG VG"-

Barium 27.9 41.8 91 NA 1600 2600 NA MGlKG VG,,-

Beryllium A" v.'" 0.53 ND NA 63 O.Oin NA MGIJCG UG"-

Cadmium 0.24 0.24 NO NA 8 18 9.3 MGIKG VG"-

Chromium (total) 13.2 14 NO NA 1000000 180 50 MGIKG VG"-

Cobalt 1.5 18 2.9 NA 2000 2200 NA MGIKG VG"-

Copper 16.2 8.3 NO NA 920 130000 8.33 MGIKG VG"-

Cyanide 0.22 0.15 NA NA 40 730 3.8 MGIKG VG"-

Lead 1100 18 NO NA 400 15 8.5 MGIKG VG"-

Manganese 46.7 606 1110 NA 1100 2906 NA MGIKG VG"-

Mercury 0.2 0.05 019 NA 2.1 II 0.025 MGIKG VG"-

Nickel 4 3.5 19 NA 130 730 21.7 MGIKG VG"-

Selenium 1.1 0.45 NO NA 5 180 71 MGIKG VG"-

Tin 6.1 6.8 ND NA nooo 22000 NA MGIKG VG"-

Vanadium 16.3 22.7 4.2 NA 6000 260 NA MGIJCG VG"-

Zinc 48.6 41.5 8.6 NA 12000 11000 86 MGIJCG VG,,-

Notes 
* Screening Concentrations· 

I 

Soil to GW . Generic SSLs based on DAF = 20, from 1996 Soil Screening Guidance or calculated using values from Table 6.4 
Tap Water RBC - From EPA Region III Risk-Based Concentration Table, October 22, 1997 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Concern 

NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO YES 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Salt Water Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region IV Bulletins, Ecological Risk Assessment. November. 1995~ Table 2 
For inorganics, the value shown is the greater of the relevant screening value or the corresponding background value 

NA - Not availablelNot applicable 
ND - Not detected 
RBC - Risk based concentration 
SSL - Soil screening level 
MG/KO - Milligrams per kilogram 
NGIKG - Nanograms per kilogram 
PGIL - Picograms per liter 
UGIKO - Micrograms per kilogram 
UGIL - Micrograms per liter 

• 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section iO - Site-Specific Evaluations 
Revision: 0 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20: 1, 

with no attenuation of constituents in soil (DAF=20). 2 

No organic compounds were detected in SWMU 11 surface soil at concentrations exceeding 3 

groundwater protection SSLs. One inorganic - lead - was detected in SWMU 11 surface soil 4 

at location 011SBOOI at concentrations exceeding groundwater protection SSLs. The levels 5 

detected in subsurface soil, however, did not exceed the applicable SSL. The concentration of the 6 

single lead exceedance (1100 mg/kg) is approximately three times the applicable SSL for soil, and 7 

should be considered significant in evaluating this pathway. The relationship of lead to the caustic 8 

pond operation can not be determined at this time. Historical practices noted do not include metals 9 

as potential contaminants. The presence of lead could possibly represent secondary enrichment 10 

due to mobilization/reprecipitation as high pH leachate migrated downward through the surface 11 

and subsurface soil, but the absence of other inorganics which would be expected to react similarly 12 

to lead, some other provenance is suggested. Based on the limited exceedance for lead in the 13 

surface soil, the volume of contaminated soil is expected to be small. The lack of exceedance of 14 

the applicable SSL in subsurface soil indicates that the migration pathway of soil-to-groundwater 15 

for lead is insignificant. It should be noted that leachate exhibiting elevated pH levels could 16 

transport lead as it traveled from surface soil to subsurface soil, but the more likely scenario for 17 

those conditions is the adSolptiorJreprecipitation of the lead in u'1e subsurface soil before it reaches 18 

groundwater. Specifically, at SWMU 11, the threat to human health from elevated lead in surface 19 

soil is greater than the threat to groundwater. 20 

10.8.7.2 Soil-to-Air Cross-Media Transport 21 

Table 10.8.13 lists the voes that were detected in surface soil samples coiiected at SWMU 11, 22 

along with the corresponding soil-to-air volatilization screening criteria. No VOCs were detected 23 

in surface soil at SWMU 11 ,consequently, the soil-to-air migration pathway is not considered 24 

valid. 25 

10.8.32 



Table 10.8.13 
Soil-to-Air Volatilization Screening Analysis 
NA VBASE Charleston, Zone G: SWMU II 
Charleston, South Carolina 

Maximum 
Concentration 

in Surface 
VOCs Soil 

Benzene 3 
Trichloroethene 3 

Notes: 

Soil to 
Air Exceeds 

SSL* Units SSL 

800 UGIKG NO 
5000 UGIKG NO 

* - Soil screening levels for transfers from soil to air were obtained from USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region III Risk-Based Concentration Table, June 1996. 

NA - Not available 



10.8.7.3 

Zone G RCRA Facility Investigation Reporl 
NA VBASE CharieSlan 

SeCiion 10 - Site-Specific Evaiuacions 
Revision: 0 

Groundwater-to-Surface Water Cross-Media Transport 

Table 10.8.12 also compares maximum detected organic compound concentrations in shallow 2 

groundwater samples to risk-based concentrations for drinking water and to chronic ambient 3 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 4 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 5 

greater of (a) risk-based drinking water concentrations, or (b) background concentrations for 6 

groundwater, as well as to saltwater surface water chronic values. To provide a conservative 7 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison to 8 

the relevant standards. 9 

No organics exceed either the tap water RBC or the saltwater to surface water chronic screening 10 

levels in groundwater at SWMU 11. One inorganic - mercury - exceeded the surface water 11 

screening levels. Mercury was detected in 2 wells (011002 and 011003) during the first two 12 

quarters of groundwater monitoring, but was not -detect in all wells for the third-quarter. The 13 

groundwater-to-surface water migration pathway is considered invalid due to the absence of 14 

mercury in the third-quarter sampling event. 15 

10.8.7.4 SWMU 11 Surface Soil-to-Sediment Cross-Media Transport 16 

Table 10.8.8 lists the analytes detected in sediment samples collected as part of tlle S\VlvfU 11 i7 

investigation. Sediments at SWMU 11 are associated with an open drainage ditch which feeds, 18 

via the culvert under Bainbridge Avenue, into the adjacent wetland. The inorganics detected were 19 

similar at both sediment sampling locations. Aluminum, arsenic, barium, cadmium, chromium, 20 

cobalt, lead, manganese, mercury, and vanadium were detected in both surface soil and sediment. 21 

Notably, the concentration levels of inorganics decrease from location 011tvl0001 to 011tvl0002, 22 

indicating either a) 011MOOOI is more proximal to the source of these metals, or b) the 23 

engineering design effectiveness or the drainage system is more efficient at 011MOOOl, thus acting 24 

as a collection basin and in essence a contaminant sink. The attribution of contaminant input from 25 

10.8.34 



Zone G RCRA Facility Investigation Report 

NA VBASE Charleston 
Section iO - Sire-Specific Evaluations 

Revision: 0 

SWMU 11 to sediment is unclear as to proportion. The site is currently unpaved. and the 

inorganic detections in both surface soil and sediment are similar in nature. These two factors 2 

suggest that the surface soil-to-sediment migration pathway has some validity. 3 

10.8.7.5 Fate and Transport Summary 4 

No organics and only one inorganic, lead was detected in the surface soil at concentrations that 5 

exceeded the applicable SSL. While one exceedance for lead was significant (3 times the SSL), 6 

the threat to groundwater is considered insignificant due to the absence of lead exceedances in 7 

subsurface soil and its absence in site groundwater. Lead contamination is not consistent with the 8 

historical activities at this SWMU, but the concentrations noted could represent a secondary 9 

enrichment due to the mobilizationlreprecipitation as high pH leachate migrated through the soil. 10 

The absence of other metals at elevated levels in these samples however, suggest some other 11 

provenance. Only one inorganic in groundwater exceeded the surface water screening levels at 12 

this SWMU. Mercury was detected in two of the three monitoring wells sampled at SWMU 11 13 

during the first two quarters, but was not detected during the last quarter in any of the wells. 14 

Therefore, the groundwater-to-surface water migration pathway is considered invalid. The 15 

majority of inorganic constituents were detected in both surface soil and sediment samples. The 16 

concentrations of inorganics at location 011MOOOl, which is closest to SWMU 11, are 17 

consistently higher than those at iocation 011NiOO02. However, without additional data, it is 18 

conjectural to attribute percentages of the sediment load to SWMU 11. However, the site is 19 

unpaved (exposed surface soil); this and the similar nature of contaminants in both surface soil and 20 

sediments suggest that the surface soil-to-sediment migration pathway is valid. No VOCs were 21 

detected above the soil-to-air volatilization screening levels, thus the soil-to-air pathway is not 22 

significant. 23 

10.8.35 



10.S.S Human Health Risk Assessment 

Zone G RCRA Facility Investigation Report 
NA VBASE ClU1rleston 

Section 10 - SitE-SpecVic Evaluations 
Revision: 0 

10.S.S.1 Site Background and Investigative Approach 2 

SWMU 11 consists of an open, grass-covered area near the junction of Bainbridge A venue and 

Viaduct Road. The site was formerly a settling pond used for the disposal of calcium hydroxide 4 

generated as a byproduct of the production of acetylene gas. 

During the RFI, five soil samples were collected from each of the upper and lower intervals to 6 

identify potential impacts resulting from the activities listed above. Surface soil samples from all 7 

five boring locations were used to quantitatively assess direct contact soil exposure pathways. 8 

Indirect exposure to contaminants associated with subsurface soil is addressed in the previous 9 

section, Fate and Transport Assessment for SWMU 11. Three monitoring wells were installed 10 

in the shallow aquifer. Data from the first -quarter sampling event were used to quantitatively 11 

assess groundwater exposure pathways. Sections 10.8.4 and 10.8.6 provide summaries of the 12 

sampling effort for SWMU 11 soil and groundwater. 13 

10.S.S.2 COPC Identification 14 

Soil 15 

Based on the screening comparisons described in Section 7 of this RFI and presented in 16 

Table 10.8.14, lead was the orJy cope identified in surface soil at S\V?vIU 11. 17 

Groundwater 18 

As shown in Table 10.8.15, no COPCs were identified for shallow groundwater at SWMU 11. 19 

10.8.36 



Table 10.8.14 
Chemicals Present in Site Samples 
SWMU 11 • Surface Soil 
Naval Base Charleston, Zone G 
Charleston. South Carolina 

Frequency 
of 

Parameter Detection 

TeDO Equivalents 
123467B-HpCDD 1 1 
123467B-HpCDF 1 1 
Dioxin Equiv. 1 1 
OCDD 1 1 
OCDF 1 1 

'norganics 
Aluminum (AI) 5 5 
A ___ ;_ #A_\ . . 
t"\,~,u"\,,., .. , " " 
Barium (B.) 5 5 
Beryllium (Be) 5 5 
Cadmium (Cd) 3 5 
Calcium (Ca) 5 5 
Chromium (er) 5 5 
Coba~ (Co) 5 5 
Copper (Cu) 5 5 
Cyanide (CN) 3 3 
Iron (Fe) 5 5 
Lead (Pb) . 5 5 
Magnesium (My) 5 5 
Manganese (Mn) 5 5 
Mercury (Hg) 3 5 
Nickel (Ni) 5 5 
Potassium (K) 3 5 
Selenium (Se) 2 5 
Sodium (N.) 3 5 
Tin (Sn) 2 5 
Vanadium (V) 5 5 
Zinc (Zn) 5 5 

Volatile Organics 
Benzene 1 1 
Trichloroethene 1 1 

Notes: 

Range 
of 

Detection 

4.~ 4.~ 

1.53 1.53 
0.1004 0.1004 

38.2 38.2 
2.27 2.27 

2050 7060 , 5.1 
4.6 27.9 

0.18 0.47 
0.05 0.24 
4730 50050 

5 13.2 
1 1.5 

0.6 16.2 
0.19 0.22 
2660 9630 

3 1100 
244 614 
9.7 ~.7 

0.05 0.2 
1.25 4 
n 221 

0.56 1.1 
164 647 

6 6.1 
6.05 16.3 

6.7 48.6 

3 3 
3 3 

• - !!"!dic.ates chemic-a! was identified as a cope 
SQL - Sample quantitation limit 
RBG - Risk-based concentration 
UG/KG - micrograms per kilogram 
NG/KG - nanograms per kilogram 
MG/KG - milligrams per kilogram 
NA - Not applicabte or not availa~e 

Average Range Screening Concentration Number 
Detected of Residential Exceeding 

Concentration SQL RBe Background Units RBC Bkqd 

4.~ NA NA NA NA NG/KG 
1.53 NA NA NA NA NG/KG 

0.1004 NA NA 1000 NA NG/KG 
38.2 NA NA NA NA NG/KG 
2.27 NA NA NA NA NG/KG 

~24 NA NA 7800 18700 MG/KG 
3.44 NA NA U . .., 17.2 iviGiKG 5 

16.31 NA NA 550 109 MG/KG 
0.306 NA NA 0.15 1.2 MG/KG 5 

0.13 0.05 0.12 3.9 1.07 MG/KG 
16934 NA NA NA NA MG/KG 

8.68 NA NA 39 42.8 MG/KG 
1.18 NA NA 470 6.6 MG/KG 

7.528 NA NA 27000 260 MG/KG 
0.2033 NA NA 160 0.38 MG/KG 

5449 NA NA NA NA MG/KG 
230.21 NA NA 400 181 MG/KG 1 1 

513.9 NA NA NA NA MGiKG 
35.91 NA NA 180 325 MG/KG 

0.1167 0.04 0.04 2.3 1.03 MG/KG 
2.61 NA NA 160 20.6 MG/KG 

153.6667 231 233 NA NA MG/KG 
0.83 0.32 0.37 39 1.22 MG/KG 

356.3333 156 3D5 NA NA MG/KG 
6.05 1 1.9 4700 9.67 MG/KG 

10.51 NA NA 55 60.9 MG/KG 
24.39 NA NA 2300 519 MG/KG 

3 NA NA 22000 NA UG/KG 
3 NA NA 58000 NA UG/KG 
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10.8.8.3 Toxicity Assessment 
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Revision: 0 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RID or 2 

SF has been set by USEP A. However, an action level for soil protective of child residents has 3 

been proposed by USEPA Region IV: 400 mg/kg. USEPA's Office of Water has established a 4 

treatment technique action level of 15 /-lg/L. As listed in IRIS, the classification is base on 5 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically 6 

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble 7 

lead salts. Animal assays provide reproducible results in several laboratories, in multiple rat 8 

strains with some evidence of multiple tumor sites. Short-term studies show that lead affects gene 9 

expression. Human evidence is inadequate. An RID and SF have not been set because of the 10 

confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been 11 

observed in the CNS, blood, and mental development of children. RIDs are based on the 12 

assumption that a threshold must be exceeded to result in toxic effects (other than carcinogenicity). 13 

Once lead accumulates in the body, other influences cause the actual levels in the blood to 14 

fluctuate - sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an 15 

exposed individual has previously been exposed to lead, this individual could lose weight and set 16 

fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the 17 

reasons lead effects are difficult to predict (Klaassen et al., 1986). 18 

10.8.8.4 Lead Model 19 

Background 20 

Currently, USEPA has not established an oral SF or reference dose for lead. USEPA believes that 21 

the available studies in animals and humans do not provide sufficient quantitative information for 22 

their calculation. Although iead is currentiy classified as a B2 carcinogen, USEP A considers the 23 

noncarcinogenic neurotoxic effects in children to be the critical toxic effect with respect to 24 

establishing health-based environmental cleanup objectives. The neurotoxic effects of chronic 25 

low-level lead exposure in children may occur at blood levels as low as 10 /-lg/dL. 26 
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In the absence of lead health criteria, USEPA Region IV's Office of Health Assessment sanctions 

the use of the Lead Uptake/Biokinetics Model (Version 0.99d) (Lead Model) to predict mean 2 

blood lead levels in children based on exposure to impacted envirorunental media. The model was 

used to assess the potential health effects of elevated lead levels reported in surface soil at 4 

SWMU 11. 5 

Future Residential Scenario 6 

The Lead Model default concentrations are used for exposure to air (0.1 Pb grams per cubic meter 7 

[g/m3)) and maternal blood lead level (2.5 Pb per /-lg/dL). In the case of SWMU 11 surface soil, 8 

an area of elevated lead concentration was reported for as surface soil sample 011 SBOO 1 located 9 

at the northern perimeter of the site. There were no sample collected to the north of 011 SBOO 1 10 

and so the total area impacted is somewhat uncertain at this time. As a result, the maximum II 

surface soil lead concentration (1,100 mg/kg) was used as the input for soil and house dust. Lead 12 

was not detected in first-quarter groundwater samples, and as a result, the Lead Model default 13 

concentration (4 /-lg/L) and was used as the input for drinking water. The Lead Model was run for 14 

a child ages 0-7 years using the inputs listed above. Table 10.8.16 summarizes the Lead Model 15 

results under these exposure conditions. 16 

Figure 10.8-6 shows u'1e probability percentage of blood lead levels for a child 0 to 7 years old. 17 

Based on this model output using the maximum soil lead concentration and the remaining Lead 18 

Model defaults, the geometric mean blood concentration is estimated to be 11.4 /-lg/dL, and the 19 

probability of blood lead concentration exceeding 10 /-lg/dL is 58.3 %. USEPA generally considers 20 

that media concentrations resulting in probability percentage estimates of 5 % or less sufficiently 21 

protect potential chUd receptors. As a resuit, surface soil lead would require corrective action 22 

under this hypothetical exposure scenario. 23 
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Am CONCENTRATION: 
Indoor Air Pb Cone: 
Other Air Parameters: 

Age 

0·1 
1·2 
2·3 
34 
4·5 
5-6 
6-7 

DIET: DEFAULT 

DRINKING WATER: 
WATER Consumption: 

SOIL AND DUST: 
Soil: Constant CODe. 

Dust: Constant cone. 

Age 

0-1 
1-2 
2-3 
34 
4-5 
5-6 
6-7 

Additional Dust Sources: 
PAINT Intake: 

Table 10.8.16 
ZoneG 

SWMUll 
Lead Model Results 

Future Residential Scenario 

0.100 I'g Pb/mJ DEFAULT 
30.0 percent of outdoor 

Zone G RCRA Facility Investigation Repon 
NA YBASE Charleston 

Section iO - Sile-Specijic Evaluations 
Revision: 0 

Time Outdoors (hr) Vent. Rate (m3/day) Lung Abs. (%) 

1.0 
2.0 
3.0 
4.0 
4.0 
4.0 
4.0 

4.00 I'g Ph/L 
DEFAULT 

DEFAULT 

None DEFAULT 

SoU 

1100.0 
1100.0 
1100.0 
1100.0 
1100.0 
1100.0 
1100.0 

0.00 I'g Pb/day DEFAULT 

2.0 
3.0 
5.0 
5.0 
5.0 
7.0 
7.0 

32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 

House Dust (jig Pb/g) 

1100.0 
1100.0 
1100.0 
1100.0 
1100.0 
1100.0 
1100.0 

MATERNAL CONTRIBUTION: Infant Model; Maternal Blood Cone: 2.50,ug Pb/dL 

CALCULATED BLOOD Pb and Ph UPTAKES: 

Total Soil + Dust Water 
Blood Level Uptake\ Uptake Diet Uptake Uptake Paint Uptake Air Uptake 

Year (jig/dL) (jig/day) (jig/day) (jig/day) (jig/day) (jig/day) (jig/day) 

0.5 - 1 12.3 23.64 21.23 2.09 0.30 0.00 0.02 
1-2 14.2 35.18 32.32 2.09 0.30 0.00 0.02 
2-3 13.4 36.81 33.53 2.44 0.78 0.00 0.06 
34 13.0 38.02 34.70 2.43 0.83 0.00 0.07 
4-5 10.9 31.21 27.70 2.52 0.92 0.00 0.07 
5-6 9.3 29.50 25.67 2.74 1.00 0.00 0.09 
6-7 8.2 28.82 24.62 3.07 1.04 0.00 0.09 
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Future Commercial/Industrial Scenario 

Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10 - Sile-Specific Evaluarions 
Revision: 0 

In coordination with USEPA Region IV's Office of Health Assessment, a conservative exposure 2 

scenario was developed to assess the significance of lead concentrations reported in soil samples 3 

collected at SWMU 11 under an future industrial scenario. This scenario involves a child (age 5 4 

to 6) who gains access to the most heavily contaminated area for one day and is maximally 5 

exposed. The scenario was based on the proposed future use of this area. Base reuse plans 6 

indicate that the area will maintain its current use. The exposure frequency was based on the child 7 

accompanying a parent to work at a nearby building on a one-time basis and wandering into the 8 

area of contaminated soil. 9 

Exposure to site soil and groundwater was addressed as an additional exposure relative to typical 10 

exposures encountered at the child's place of residence. This additional exposure was presented 11 

as an alternate source within the constructs of the Lead Model. The only modification made to 12 

standard default assumptions in the lead model was raising the drinking water lead concentration 13 

to the treatment technique action level (TTAL) of 15 J.lg/L. This change was made to provide a 14 

conservative estimate of daily intake from sources unrelated to SWMU 11. 15 

The assumption was made that this child would ingest 0.1 grams of soil from the most heavily 16 

coniatuinated area and OTIe liter of contaiuinated groundwater. In the case of S\Vtv1U 11 surface i7 

soil, the lead "hot spot" is represented by surface soil sample 01ISBOOI. The total area of lead 18 

contamination is unknown at this time because there are no samples collected to the north of 19 

OllSBOOl. Within the Lead Model, an alternate source was entered to account for exposure to 20 

site soil and groundwater as previously discussed. The bioavailability of lead ingested from the 21 

aiiernate source was equal to that of lead ingested through soil consumption from the standard 22 

residential default source. The annual alternate source exposure was estimated to be 0.3 J.lg 23 

lead/day. Table 10.8.17 summarizes the Lead Model results under these exposure conditions. 24 
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AIR CONCENTRATION: 
Indoor Air Pb CODe: 
Other Air Parameters: 

Table 10.8.17 
ZoneG 

SWMUII 
Lead Model Results 
Industrial Scenario 

0.100 I'g Pblm3 DEFAULT 
30.0 percent of outdoor 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Age Time Outdoors (hr) Vent. Rate (m3lday) Lung Abs. (%) 

DIET: 

0-1 
1·2 
2-3 
34 
4-5 
5-6 
&-7 

DEFAULT 

DRlNKlNG WATER: 

1.0 
2.0 
3.0 
4.0 
4.0 
4.0 
4.0 

15.00 I'g PbIL WATER Consumption: 

2.0 
3.0 
5.0 
5.0 
5.0 
7.0 
7.0 

DEFAULT 

SOIL AND DUST: Soil: Constant conc. Dust: Constant cone. 

Age 

0-1 
1·2 
2-3 
34 
4-5 
5-6 
&-7 

Additional Dust Dust Sources: None 

ALTERNATIVE SOURCE Intake: 
0-1 0.00 I'g Ph/day 
1-2 0,00 I'g Ph/day 
2-3 0,00 I'g Pblday 
34 0.00 I'g Pblday 
4-5 0,00 I'g Pb/day 
5~6 0.00 .ug Pb/day 
6-7 0,00 I'g Pb/day 

DEFAULT 

SoU 

200.0 
200,0 
200.0 
200.0 
200.0 
200.0 
200.0 

PAINT Intake: 

Varied by year as follows: 

0.00 I'g Pblday 

MATERNAL CONTRIBUflON: Infant Model; Maternal Blood Cone: 2.50,Ltg PbJdL 
CALCULATED BLOOD Pb and Pb UPTAKES: 

Total SoU + Dust Water 
Blood Level Uptake\ Uptake Diet Uptake Uptake 

Year ("gtdL) ("glday) ("gtday) ("glday) ("glday) 

0.5 - 1 4.6 8.52 4.63 2,51 1.36 
1~2 5A 13016 7.21 2.57 3.34 
2-3 5.1 13.81 7.30 2,93 3,52 
34 4.9 13.97 7.41 2.85 3.64 
4-5 4.3 12,34 5,61 2.81 3,86 
5-6 3.8 12.35 5.09 2.99 4,10 
6-7 3.5 12.42 4.83 3.31 4,19 

10,8.44 

32.0 
32.0 
32,0 
32,0 
32.0 
32,0 
32,0 

House Dust ("g Pblg) 

200.0 
200,0 
200.0 
200,0 
200.0 
200,0 
200.0 

DEFAULT 

Paint Uptake 
("glday) 

0.00 
0,00 
0.00 
0.00 
0,00 
0,00 
0,00 

Air Uptake 
("glday) 

0.02 
0.03 
0.06 
0.07 
0.07 
0,09 
0,09 
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Figure 10.8-7 presents the probability percentage of blood lead levels for a child 5 to 6 years old. 

Based on this model output, the geometric mean blood level is estimated to be 3.8 /lg/dL, and the 2 

probability of blood lead levels in excess of 10 /lg/dL is 1.99%. USEPA generally considers 3 

media concentrations that result in probability percentage estimates of 5 % or less sufficiently 4 

protective of potential child receptors. As a result, surface soil would require specific action under 5 

this hypothetical future exposure scenario. 6 

10.S.S.S Risk Uncertainty 7 

Characterization of Exposure Setting and Identification of Exposure Pathways 8 

The potential for high bias is introduced through the exposure setting and pathway selection due 9 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 10 

Region IV when assessing potential future and current exposure. Residential use of the site would 11 

not be expected, based on current site uses and the nature of surrounding buildings. If this area 12 

were to be used as a residential site, the surface soil conditions would likely change - the soils 13 

could be covered with landscaping soil and/or a house. Consequently, exposure to surface soil 14 

conditions as represented by samples collected during the RFI would not be likely under a true 15 

future residential scenario. These factors indicate that exposure pathways assessed in this HHRA 16 

would generally overestimate the risk and hazard posed to current site workers and future site 17 

residents. 18 

Determination of Exposure Point Concentrations 19 

The maximum detected soil lead concentration was used as the exposure point concentrations for 20 

this site. Use of maximum detected concentrations represent conservative assumptions when 21 

exceeded by the true mean concentration. Since the maximum lead concentration was reported 23 

in a sample collected from the northern perimeter of the site, there is some uncertainty whether 24 

the extent of lead contamination was adequately defined. 25 
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Frequency of Detection and Spatial Distribution 

Surface Soil 
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2 

The maximum surface soil lead concentration was reported in sample OllSBOOI (1,100 mg/kg), 

The remaining four surface soil samples reported lead concentrations ranging from 3 mg/kg 4 

(01lSBOO2) to 29 mg/kg (01lSBOO5), As a result, it is likely that setting the soil and house dust 5 

equal to the maximum concentration in the Lead Model caused an overestimation of blood lead 6 

levels under the future residential scenario. 7 

Surface Soil Screening 8 

A conservative screening process was used to identify COPCs for SWMU 11. The potential for 9 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 10 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 11 

carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 12 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 13 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened 14 

and eliminated from formal assessment, none was reported at a concentration near its RBC (e.g. 15 

within 10% of its RBC). Arsenic and beryllium were detected at concentrations exceeding their 16 

respective RBCs, however, their maximum concentrations did not exceed their corresponding 17 

background concentration. As a result, each was elhl1inated from consideration in the iisk 18 

assessment. 19 

Groundwater 20 

The same conservative screening process used for soil was also applied to groundwater. Of the 21 

CPSSs screened and eiiminated from formai assessment, none was reported at a concentration 22 

close to its RBCs (e.g. within 10% of its RBC). Arsenic and manganese were detected at 23 

concentrations exceeding their respective tap water RBCs, however, their maximum concentrations 24 
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did not exceed their corresponding background concentration. As a result, each was eliminated 

from consideration in the risk assessment. 

10.8.8.6 Risk Summary 

2 

3 

Soil - Residential Scenario 4 

Lead was identified as a residential soil pathway COC for SWMU 11 based on the results of the 5 

Lead Model. Only one surface soil sample reported a concentration above the 400 mg/kg AL for 6 

lead in soil (Ol1SBOOl; 1,100 mg/kg). The remaining four surface soil samples reported lead 7 

concentrations well below the AL. There is some uncertainty as to the extent of lead 8 

contamination to the north of SWMU 11. 9 

Soil- Site Worker Scenario 10 

No industrial soil pathway COCs were identified for SWMU 11. 11 

Groundwater - Residential Scenario 12 

A conservative screening process, presented in Section 7 of this RFI, was used to identify 13 

groundwater COPCs. As a result of this screening process, no COPCs were identified for 14 

groundwater. 15 

10.8.9 Corrective Measures Considerations 16 

Based on the analytical results and the human health risk assessment for SMWU 11, COCs 17 

requiring further evaluation through the CMS process have been identified for surface soil. The 18 

site is currently an open, grass-covered area formerly used for the disposal of calcium hydroxide. 19 

SMWU 11 was evaiuaied under both the residential and industrial (site worker) scenarios. For 20 

these scenarios, the incidental ingestion and dermal contact exposure pathways were evaluated. 21 

Hazard was evaluated for noncarcinogenic contaminants through incidental ingestion and dermal 22 

contact scenarios as well. 23 
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As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1.0, and whose 2 

individual risk exceeds 1 E-06 or whose hazard quotient exceeds 0.1. 3 

No COCs were identified based on risk or hazard, however lead was identified as a residential soil 4 

pathway COC based on the results of the Lead Model. One surface soil sample indicated lead at 5 

concentrations above acceptable levels using the Lead Model criteria. 6 

To determine the leaching potential of contaminants from the subsurface soil media to 7 

groundwater, contaminant concentrations in subsurface soil were compared against generic SSLs 8 

based on a DAF of 20. This comparison indicated lead at concentrations exceeding the applicable 9 

SSL. Lead was detected in one sample at a concentration (1,100 mg/kg) exceeding the SSL of 10 

400 mg/kg. For more information regarding indirect exposure pathways associated with 11 

subsurface soil refer to Section 10.8.7, Fate and Transport Assessment for SMWU 11. Potential 12 

corrective measures for soil are presented below in Table 10.8.18. 13 

Table 10.8.18 14 

Potential Corrective Measures for SWMU 11 15 

Medium Compounds Potential Corrective Measures 16 

Soil Lead a) No action 17 

b) Excavate, offsite disposal, and monitoring 
c) Containment/capping 
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A RFI site, SWMU 120 consists of the laydown area associated with Pier M, included is the 2 

former Building AS-40-1, which was adjacent to the area. Palletized lead bricks and shielding 3 

were stored at the site, and is suspected that radiologically contaminated tarps may have also been 4 

stored there. Severe paint, grease, and solvent staining were noted in the area in the past. 5 

Materials released, stored, or disposed of at the site included lead bricks and shielding, 6 

paintithinner wastes, and greases. 7 

10.9.1 Site Geology and Hydrogeology 8 

The soil boring, sediment sampling, and groundwater monitoring well locations associated with 9 

the SWMU 120 RFI are shown in Figure 10.9-1. Appendix A contains the boring logs and the 10 

monitoring well construction diagran3S for the wells installed at SWMU 120. 11 

Based on three monitoring well borings, the general stratigraphy at SWMU 120 consists of 12 

alternating clay, salt and silty sand to a depth of approximately 12 fi bgs. The Qc deposits extend 13 

to depths ranging from 8 to 11 fi bgs. The Qc in Zone G exhibits a grain size distribution of 56% 14 

sand, 15% silt, and 29% clay. The Qs deposits at SWMU 120 exhibit an average grain size 15 

distribution of 87% sand, 6% silt, and 7% clay. The porosity in this unit was 56.6%. 16 

The groundwater elevation at SWMU 120 is approximately 4.2 fi rnsl. Figures 10.9-2 and 10.9-3 17 

depict the shallow groundwater potentiometric surface and inferred flow direction at low- and 18 

high-tide respectively. Only very minor differences in the static water levels were observed 19 

between high and low-tide. At low-tide the shallow groundwater at SWMU 120 flows generally 20 

to the north nort.hwest. at a hor17.ontal flow velocity of approxLrnately 7.1E-02 ftJday. During 21 

high-tide, flow is to the east northeast of an approximate velocity of 2.0E-02 fi/day. 22 
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10.9.2 Field Investigation Approach 

Zone G RCRA Faciliry Investigation Report 
NAVBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

The objective of the field investigation at SWMU 120 was to: (1) confmn the presence or absence 2 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 3 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 4 

the investigation area included soil, sediment, and groundwater. Section 3 of this report details 5 

the methods used during the field investigation. Included in this section are descriptions of the 6 

hollow stem auger procedures used for shallow well installation; the hand auger procedures used 7 

for soil sampling; sediment and groundwater sampling procedures; as well as miscellaneous 8 

procedures used during the field investigation Also discussed are the analytical protocols for 9 

sample analyses. Appendix D contains the analytical data report for samples collected in Zone G. 10 

10.9.3 Soil Sampling and Analysis 11 

The approved final RFI work plan proposed advancing six soil borings within the SWMU 120 area 12 

to detect the presence of any soil contamination from this site. Upper and lower interval soil 13 

samples were proposed from each boring. During the field investigation, six soil borings were 14 

advanced within the site area (Figure 10.9-2). Two borings included both upper and lower 15 

sampling intervals, while four borings included the upper interval only. Where not collected, the 16 

lower interval sample was not collected due to a shallow water table. In accordance with the 17 

approved final RJlI work phil!, soil sllIDples were analyzed for metals, pesticides/PCBs, SVOCs 18 

and VOCs at DQO Level m. Several SWMU 120 soil samples were also analyzed for cyanide. 19 

Table 10.9.1 summarizes the SWMU 120 soil samples and analyses. 20 

10.9.3.1 Nature of Contamination in Soil 21 

Orgapic compound a.nalytical results for soil ~re SIl111JP~rized in Table 10,9,2, Lnorganlc analytical 22 

results for soil are summarized in Table 10.9.3. Table 10.9.4 summarizes all analytes detected 23 

in soil at SWMU 120. Appendix D contains a complete analytical data report for all Zone G 24 

samples. 25 

10.9.5 



Boring 
Location 

12058001 

120SB002 

120S8oo3 

120SBOO4 

12058005 

12058006 

Notl: 

Sample 
Identifier 

1205800101 

1208B00201 
12OSBOO202 

120S8oo301 

1208B00401 
120SB00402 

120S8OO501 

1208B00601 

Table 10.9.1 
ZoneG 

SWMUI20 
SOU Samples and Analyses 

Sample Date 
Interval CoUected 

Upper 8n9196 

Upper 8129/96 
Lower 

Upper 8/29196 

Upper 9/25/96 
Lower 

Upper 9/25/96 

Upper 911.4196 

SW-846 (metals, pesticideS/PCBs, SVOCs. VOCs) at DQO Level III 

Volatile Organic Compounds in Soil 

Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10 -Site-Spec~fic Evaluatio!1..5 
Revision: a 

Analyses Remarks 

Note IIcyanide Lower interval not sampled 
due to water table 

NOte lIcyanide 

Note lIcyanide Lower interval not sampled 
due [0 water table 

Note I 

Note 1 Lower interval not sampled 
due to water table 

Note Lower interval not sampled 
due to- water table 

No VOCs were detected in surface or subsurface soil samples at SWMU 120. 

Semivolatile Organic Compounds in Soil 

2 

3 

Sixteen SVOCs were detected in surface soil samples at SWMU 120. One SVOC, 4 

benzo(a)pyrene, exceeded its respective RBC in surface soil samples at this SWMU. 5 

Figure 10.9-4 presents total BEQ concentrations detected in surface soil at SWMU 120. 6 

Ten SVOCs were detected in subsurface soil samples at SWMU 120. No SVOCs in subsurface 7 

soil exceeded their respective SSL. 8 

10.9.6 
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Pesticides and PCBs in Soil 

Zone G RCRA Facility Investigation Report 
NA YBASE Charleston 

Sectio . ., 10 - Site-Spec~Ffc Evaluations 
Revision: 0 

Seven pesticides were detected in surface soil samples and three pesticides were detected in 2 

subsurface soil samples at SWMU 120. All concentrations were far below their respective RBCs 3 

or SSLs. No PCBs were detected in SWMU 120 soil samples. 4 

Inorganic Elements in Soil 5 

Twenty-two metals were detected in surface soil samples collected at SWMU 120. Antimony and 6 

chromium detected at concentrations exceeding their respective RBCs and background 7 

concentrations for Zone G surface soil. Figure 10 .10-5 presents antimony concentrations detected 8 

in surface soil. Figure 10.10-6 presents chromium concentrations detected in surface soil. Iron 9 

concentrations detected in surface soil samples exceed the RBC. No background concentration 10 

for iron, the essential nutrient was established. 11 

Twenty-one metals were detected in subsurface soil samples at SWMU 120. No metals in 12 

subsurface soil exceeded their respective SSL or subsurface soil background concentrations. 13 

10.9.4 Sediment Sampling and Analysis 14 

The approved fmal RFI work plan also proposed two sediment samples to assess site impacts on 15 

the storm sewer system. One sedLrnent sa..rnple (120MOOOl) was collected during t.l}e investigation, 16 

as depicted in Figure 10.9-1. The location for the second sediment sample (120M0002) contained 17 

insufficient sediment for sample collection. In accordance with the approved fmal RFI work plan, 18 

sediments at SWMU 120 were analyzed for metals, pesticides/PCBs, SVOCs and VOCs at DQO 19 

Level lli. Table 10.9.5 summarizes the SWMU 120 sediment samples and analyses. 20 

10.9.21 
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Sample Location Sample Identifier 

120MOOOI 120MOOOIOI 

120MOOO2 NA 

Notes: 

Table 10.9.5 
Zone G 

SWMUUO 
Sedlment Samples and Analyses 

Date CoDecled 

10/01/96 

NA 

SW-846 (metals. pesticides/PCBs. SVOCs. VOCs) at DQO Level III 
NA Not applicable 

10.9.4.1 Nature of Contamination in Sediment 

Zone G ReRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spectlic Evaluatiop.s 
Revision: 0 

Analyses Remarks 

See Note 

NA Sample not taken. 

Organic compound analytical results for sediment are summarized in Table 10.9.6. Inorganic 2 

analytical results for soil are SWl111W-!aed in Table 10.9.7. Table 10.9.8 slillllUarizes aU analytes 3 

detected in sediment at SWMU 120. Appendix D contains a complete analytical data report for 4 

all Zone G samples. 5 

The following sections discuss sediment sample results in relation to detected soil parameters to 6 

offer an indication of potential correlation. However, most SWMU 120 is paved, limiting the 7 

potential for surface soil erosion and sediment transport from the immediate site area. Given that 8 

sediment samples were collected from engineered structures (storm water catch basins and a floor 9 

drain), this material is not true sediment generated in a native setting, and therefore, is not 10 

compared to reference concentrations or other criteria. II 

10.9.25 



Table 10.9.6 
ZoneG 

SWMUUO 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Organic Analytical Results for Sedlment 

Parameters 

VolatOe Organic Compounds (1 Sample) ~glkg) 

Benzene 

Carbon disulfide 

Ethylbenzene 

Taiuene 

Xyle". (Total) 

SemivolatOe Organic Compounds (1 Sample) ~glkg) 

BEQs' 

Benzo( a)anmracene 

Chrysene 

Anthracene 

Benzoic acid 

Benzyl alcohol 

Butylbenzylpbthalate 

Oi-n·butylphthalate 

Di-n-ootylphthalate 

Fluoranthene 

Fluorene 

2-MetbylnaphthaJene 

4·Methylphenol(p-Cresol) 

Naphthalene 

Phenanthrene 

Phenol 

Pyrone 

Pesticides and PCBs (1 Sample) !J.!g!kg) 

4.4·-000 

4.4··00E 

Notes: 

Frequency 
of 

Detection 

III 

III 

III 

111 

III 

111 

III 

111 

III 

III 

III 

III 

111 

III 

111 

111 

III 

III 

III 

111 

111 

III 

III 

III 

Range of Meanor 
Detections Detections 

(,<glkg) U<gIkg) 

2.00 2.00 

7.00 7.00 

30.0 30.0 

10.0 10.0 

270 270 

7.36 7.36 

72.0 72.0 

160 160 

85.0 85.0 

380 380 

3900 3900 

3000 3000 

370 370 

320 320 

700 700 

96.0 96.0 

74.0 74.0 

290 290 

54.0 54.0 

520 520 

560 560 

410 410 

8.60 8.60 

33.0 33.0 

1 =- Calculated from methods described in USEPA Interim Supplemental Guidmu:e to RAGS: Human Health Risk Assessment. Bulletin 
2 (USEPA. 1995c) 

ug/kg Micrograms per kilogram 

10.9.26 



Parameters 

Inorganles (I Samples) (mg/kg) 

Aluminum (AI) 

Antimony (Sb) 

Arsenic (As) 

Barium (8a) 

Cadmium (Cd) 

Calcium (Ca) 

Chromium (er) 

Coball (Co) 

Copper (Cu) 

Iron (Fe) 

Lead (Ph) 

Magnesium (Mg) 

Manganese (Mn) 

Nickel (Ni) 

Potassium (K) 

Selenium (Se) 

Thallium (TI) 

Tin (Sn) 

Vanadium (V) 

Zinc (Zn) 

Notes: 
mg/kg Milligrams per kilogram 

Table 10.9.7 
ZoneG 

SWMUI20 

Zone G RCRA Facility investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Inorpnlcs Analytical Results for Sediment 

Frequeocy 
of 

Detection 

III 

III 

111 

III 

111 

III 

III 

111 

III 

111 

III 

111 

III 

III 

111 

111 

III 

111 

111 

III 

10.9.27 

Range of 
Detections 

(mg/kg) 

2310 

3.00 

13.9 

275 

5.20 

95200 

57.3 

8.30 

1110 

61200 

241 

2180 

481 

65.5 

325 

1.30 

1.30 

25.9 

10.8 

1020 

Meanor 
Detections 

(mg/kg) 

2310 

3.00 

13.9 

275 

5.20 

95200 

57.3 

8.30 

1110 

61200 

241 

2180 

481 

65.5 

325 

1.30 

1.30 

25.9 

10.8 

1020 



Parameters 

Volatile Organic Compounds WWkGl 

Benzene 

Carbon disulfide 

Ethy!ber.ze. .. .e-

Toluene 

Xylenes 

Semivolatile Organic Compounds lug/kg) 

BEQ,' 

Benzo(a)anthracene 

Chrysene 

Anthracene 

Benzoic acid 

Benzyl alcohol 

Butybenzy Iphlhalate 

Di-n-butylphthalate 

OJ.n..octylphlhalate 

Fluoranthene 

Fluorene 

2-Methylnaphthalenc 

4-Methylphenol 

Naphthalene 

Phenanthrene 

Phenol 

Pyrene 

Pesticides ~g) 

4,4··000 

4.4··0DE 

Table 10.9.8 
ZoneG 

SWMU 120 

Zone G RCRA Facility investigation Repon 
NA VBASE Charleston 

Section 10 - Si!e-Spec~fic Evaluations 
Revision: a 

AnaJytes Detected In Sediment Samples 

10.9.28 

Location 

120MOOOI 

120MOOOI 

120MOOOI 

I20MOOOI 

120MOOOI 

120MOOOl 

120MOCJOi 

120MOOOl 

120MOOOI 

120MOOOl 

ll0MOOOI 

120MOOOl 

I20MOOOI 

120MOOOI 

120MOOOl 

120MOOOl 

I20MOOOI 

120MOOOI 

120MOOOl 

120MOOOl 

120MOOOI 

120MOOOI 

120MOOOl 

Concentration 

2 

7 

30 

10 

270 

7.36 

72 

160 

85 

380 

3900 

3000 

370 

320 

700 

96 

74 

290 

54 

520 

560 

410 

8.6 

33 



Parameters 

Inorganlcs (mg/kg) 

Aluminum (AI) 

Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 

Cadmium (Cd) 

Calcium (Ca) 

Chromium (Cr) 

Coball(CO) 

Copper (Cu) 

Iron (Fe) 

Lead (Pb) 

Magnesium (Mg) 

Manganese (Mn) 

Nickol (Ni) 

Potassium (K) 

Selenium {Se} 

Tballium (TI) 

Tin (Sb) 

Vanadium (V) 

Zioc (Zn) 

Not~$: 

Table 10.9.8 
ZoneG 

SWMUI20 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Si!e-Spec~fic Evaluatio,",s 
Revision: 0 

Analytes Detected In Sedhnent Samples 

Location Concentration 

120MOOOI 2310 

120MOOOI 3 

120MOOOI 13.9 

120MOOOI 275 

120MOOOI 5.2 

120MOOOI 95200 

120MOOOI 57.3 

IlOMOOOI 8.3 

120MOOOI lllO 

120MOOOI 61200 

120MOOOI 241 

120MOOOI 2180 

120MOOOI 481 

I2OMOOOI 65.5 

120MOOOI 325 

I20MOOOI 1.3 

120MOOOI 1.3 

12OMOOOI 25.9 

120MOOO I 10.8 

IlOMOOOI 1020 

Caicuiated from mcdlods described in USEPA Interim Suppiemenim Guidone#! to RAGS: Human Health Risk Assessment, Buiietin 
2 (USEPA. 1995c) 

J..lg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 

10.9.29 



Volatile Organic Compounds in Sediment 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spectfic Evalu!ltioT1-s 
Revision: 0 

Five VOCs were detected in SWMU 120 sediment samples. No VOCs were detected in soil at 2 

SWMU 120. The highest sediment VOC concentration was 270 f.lg/kg of xylene. 3 

Semivolatile Organic Compounds in Sediment 4 

Sixteen SVOCs were detected in SWMU 120 sediment samples. Of these SVOCs, ten were also 5 

detected in soil samples. The highest sediment SVOC concentration was 3,900 f.lg/kg of benzyl 6 

~~. 7 

Pesticides and PCBs in Sediment 8 

Two pesticides, 4,4'-DDD and 4,4'-DDE were detected in SWMU 120 sediment samples. Both 9 

of these pesticides were also detected in SWMU 120 soil samples. The highest sediment pesticide 10 

concentration in SWMU 120 sediment was 33 f.lg/kg of 4,4'-DDE. 11 

Inorganic Elements in Sediment 12 

Twenty metals were detected in SWMU 120 sediment samples. Of these metals, all but thallium 13 

were also detected in soil. The highest metals concentration detected in sediment samples at 14 

SWMU 120 was aluminum at 2310 mg/kg. The concentrations of calcium and iron are not 15 

included because they are considered essential nutrients. t6 

10.9.5 Groundwater Sampling and Analysis 17 

The approved final RFI work plan called for the installation and sampling of three shallow 18 

monitoring wells within the SWMU 120 area to: (1) assess groundwater quality, and (2) identify 19 

conta.1!linants which rnay be fi1JgratLrlg from the site L'l the shallow aquifer. Three shallow wells 20 

were installed during the field investigation (Figure 10.9-1). These wells were installed at 21 

approximately 12-ft bgs in the upper sand layer of the Wando Formation. In accordance with the 22 

approved final RFI work plan, groundwater samples from this site were analyzed for metals, 23 

10.9.30 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spec~lic Evaluatiofl.s 
Revision: 0 

pesticideslPCBs, SVOCs and VOCs at DQO Level m. Table 10.9.9 summarizes the SWMU 120 

groundwater samples and analyses. 

Table 10.9.9 
Zooe G 

SWMUI20 
Groundwater Samples and Analyses 

WeUNumber WeUDepth Sample Identifier Date Sampled 

120001 Shallow 12000101 llfl8196 

120002 Shallow 12000201 11118/96 

120003 Shallow 12000301 11118196 

Nott: 
SW-846 (metals, pesticides/PCBs. SVOCs, VOCs) at DQO Level m 

10.9.5.1 Nature of Contamination in Groundwater 

Analyses 

See Note 

See Note 

See Note 

Remarks 

:'No deviations-frOm 
workplao. 

2 

Inorganic analytical results for groundwater are summarized in Table 10.9.10. Table 10.9.11 2 

summarizes all analytes detected in groundwater at SWMU 120. Appendix D contains a complete 3 

analytical data report for all Zone G samples. 4 

Volatile Organic Compounds in Grou!ldwater 5 

No VOCs were detected in SWMU 120 groundwater samples. 6 

Semivolatile Organic Compounds in Groundwater 7 

No SVOCs were detected in SWMU 120 first-quarter groundwater samples. 8 

Pesticides and PCBs in Groundwater 9 

No pesticides or PCBs were detected in SWMU 120 groundwater samples. 10 

10.9.31 
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Section 10 - Si!e-Spectlic Evaluatio."'.s 
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Fifteen metals were detected in groundwater samples at SWMU 120. Arsenic was the only metal 2 

to exceed its tap water RBC and Zone G background concentration at SWMU 120. Figure 10.9-7 3 

presents the arsenic concentration detected in shallow groundwater at SWMU 120. 4 

10.9.6 Fate and Transport Assessment 5 

A RFi site, SWMU 120 consists of the lay down area associated with Pier M. Environmental 6 

media sampled as part of the SWMU 120 investigation included surface soil, subsurface soil 7 

sediments and groundwater. Potential constituent migration pathways investigated for SWMU 120 8 

include soil-to-groundwater, groundwater-to-surface water, surface soil-to-sediment, and emission 9 

of volatiles from surface soil to air. 10 

10.9.6.1 Soil-to-Groundwater Cross-Media Transport 11 

Table 10.9.12 compares maximum detected organic constituent concentration in surface soil and 12 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 13 

For inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based soil 14 

screening levels or (b) background concentrations. To provide a conservative screen, generic soil 15 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ration of 16 

20:1, with no attenuation of constituents in soil (DAF=20). 17 

Only one organic compound - dieldrin - was detected in SWMU 120 soil at concentrations 18 

exceeding groundwater protection SSLs. Dieldrin was detected in 2 of 6 (120SBOO4 = 7.1 J.lg/kg, 19 

and 120SBOO6 = 3.9 J.lg/kg) surface soil samples, but was not present in either of the 2 subsurface 20 

soil s~Tl1ples t~1cen. The presence of dieldrin at tlIls SWMU is not consistent with tlJ.e historical 21 

site activities. The vertical distribution of dieldrin, however, is consistent with a surface 22 

application of dieldrin. This pesticide has a strong affinity to adsorb to soil media, thereby limiting 23 

its mobility and attenuating its concentrations with depth in the soil column. Dieldrin in surface 24 

10.9.37 
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Tablc 10.9.12 

Cbcmicals Dctcetcd in Surfaee Soil, Subsur&ce Soil. and Shallow Orotmdwater 

Comparison to SSLs, Tap Water RBCs, Saltwalcr Surfac:c Water Chroa.ic Screening Levels, utd Background Concenbations 
NA VBASE ChIIiescoo, Zone G: SWMU 120 

Chulcston, South Carolina 

Max. Conccnlration Max. Concentration Screening Concentration • 

Soil to Sol""", 
Smf ... Subsurface Shallow Doep GW Tap Water Surf. Wtr. 

...... - Soil Soil GW GW SSL RBC """,", 

SemlvabltUe Orpnic: Compounds 

f'-'" 84 NO NO NA "0000 2200 '.7 

Benzoic acid 87 .. NO NA 400000 ISoooo NA 
~h,i)pcrylcnc " 94 NO NA 4.66E+08 ISOO NA 
~a)pyrene equivalents 

Benzo(a)aothraccnc 100 60 NO NA 2000 0.092 NA 
B=o( • ..,.... 92 140 NO NA .000 0.0092 NA 
Bcnzo(b)fluonnthcnc 170 2>0 NO NA '000 0.092 NA 
8enzo(k)f1uonnthenc 92 NO NO NA 49000 0.92 NA 
CIuyxn, 160 160 NO NA 160000 9.2 NA 
lndcno( l,2,3-cd)pyrene " 77 NO NA 14000 0.092 NA 

Bu..'Y!~...zy!phdo.l·te 9S ND NO NA 930C!l0 7300 29.4 
A .......... 260 120 NO NA 'JOOOOO ISOO I.. 
A ..... , " NO NO NA '60000 ISOO NA 
2-Methylnaphthalcnc 160 NO NO NA 126000 ISOO NA 

"' .......... 86 NO NO NA 84000 ISOO 2).5 

Phenanthrene 190 •• NO NA 1380000 ISOO NA 
I'yRno 220 100 NO NA 4200000 1100 NA 

Palic:ldesIPC8 Compounds 

.. pho-Chl ........ 24 NO NO NA 10000 0.19 0.004 

10 ...... 2.J NO NO NA 10000 0.19 0.004 

4,4'-DDD S60 ?!OO NO NA 15COC C.28 C.025 
.4'-DDE 130 3100 NO NA >4000 0.2 0.14 

.4'-DDT 470 380 NO NA 32000 0.2 0.001 

Dieldrin 7.1 NO NO NA • 0.0042 0.0019 

Endrin J.' NO NO NA 1000 II 0.002J 

Inol"lanic Compounds 

Aluminum "'0 17300 .. 2 NA 1000000 37000 NA 
Antimony 10 J.J NO NA , IS NA 
Arsenic 16.3 19.1 3.5.) NA 2. 17.8 " Barium 37 40.1 I" NA 1600 2600 NA 
Beryllium 0.74 I NO NA 6J 0.0)6 NA 
Cadmium 1.3 0.' NO NA • 18 9.J 

Chromium (total) 46.' )9.4 NO NA 1000000 180 '0 
Cobalt J.' 4.7 I.' NA 2000 2200 NA 
C_, 286 ".J NO NA 920 130000 8.)) 

Le •• 22J 58.3 '.2 NA 400 IS •. , 
Mangancse 118 174 627 NA 1100 2 ... NA 
M="", 0.35 0.26 NO NA 2.1 II 0.025 

Nickel 2>.1 17.9 12 NA 130 730 21.7 

Selenium 0.64 0.41 J.J NA , 180 71 
T;" 20.8 NO NO NA 11000 22000 NA 
Vanadium 46.9 .51.5 4.J NA 6000 260 NA 
!zinc '01 2" 94.4 NA 12000 11000 86 

Screening Concentrations: 

Soil to OW - Generie SSLs based Ott OAF· 20, &om 1996 Soil SetteIUfta Guiduu Of talcullltCd using values from Table 6.4 

Tap Water RBC - From EPA Rcgioolll Risk-Based Conccntntion Table, October 22. 1997 

Soil W.", Leaching 
Units Units Potential 

GlKG VGIL NO 
GlKG VGIL NO 
GIKG VGIL NO 

GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
G/KG UG/L NO 
GIKG VGIL NO 
GIKG VGIL NO 
GIKG VGIL NO 
GIKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 

GlKG VGIL NO 
GlKG VGIL NO 
a/KG VaIL NO 
GIKG VGIL NO 
GlKG VGIL NO 
GIKG VGIL YES 

DIKD VGIL NO 

GIKG VGIL NO 
GlKG VGIL YES 

GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GIKG VGIL NO 
GIKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 
GlKG VGIL NO 

Salt Water Surface Water Chronic _ From EPA Supplemental Guidance to RAGS: Region IV Bulletins, Ecological Risk Assessment, November, 1995; Table 2 

For inorganics. the value shown is the greater" oCthe relevant screening value or the correspoading background value. 
NA - Not availabicINot applicable 
NO - Not detet:tcd 
RBe - Risk based concenbation 

SSL - Soil SCReniIl8 level 
MG/KG - Milligrams per kilogram 

NG/KG - Nanograms per kilogram 

POll - Picogruns per liter 
UGIKG - Micrograms per kilogram 
UGIL - Micrograms per liter 

Ground- Smf= 

W"" Wiler 

Migration Migration 
C"""", Co~ 

NO NO 
NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 

YES NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO YES 
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soil is normally temporally persistent as well, exhibiting very slow breakdown over time. Fugitive 

dust from a nearby area of application could be a potential source associated with the dieldrin in 2 

surface soil at this SWMU. Assuming stabilization between soil and groundwater media, the soil- 3 

to-groundwater pathway is not expected to be significant for dieldrin, as demonstrated by absence 4 

of exceedances in the subsurface soil or groundwater. 5 

One inorganic analyte, antimony, exceeded the groundwater protection criteria in surface soil. 6 

It was detected in 3 of 6 locations, but exceeded the SSLs at only one of those locations. 7 

Antimony was detected in one subsurface soil at SWMU 120, however, no exceedances were 8 

noted. Additionally, shallow groundwater sampling results indicate an absence of antimony in 9 

groundwater. The presence of antimony in soil could be consistent with site activities, but its 10 

persistent presence noted in this zone, as well as others, would support that it is associated with Il 

normal geologic conditions for this area. For example, antimony and arsenic are common 12 

impurities in phosphate rock and could account for the consistent presence of these inorganics at 13 

most sites in this zone. The levels of antimony in the subsurface soil do not exceed applicable 14 

SSLs, nor was antimony detected in groundwater at this site, indicating the soil-to-groundwater 15 

migration pathway at SWMU 120 is not expected to be significant for inorganics. 16 

10.9.6.2 Soil-to-Air Cross-Merlia Tr""-sport 17 

No VOCs were detected in surface soil at SWMU 120, consequently, the soil-to-air migration 18 

pathway is not considered valid at this site. 19 

10.9.6.3 Groundwater-to-Surface Water Cross-Media Transport 20 

Table 10.9.12 also compares maxi.mum detected organic constituent concentrations in shal!ow 21 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 22 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 23 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 24 

10.9.40 
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greater of (a) risk-based drinking water concentrations, or (b) background concentrations for 

groundwater, as well as to the saltwater surface water chronic values. To provide a conservative 2 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison to 3 

the relevant standards. 4 

One inorganic - arsenic - was detected in levels in the groundwater that exceeded the applicable 5 

drinking water RBC, and a second inorganic - zinc - was detected above surface water screening 6 

criteria. Arsenic was detected in two or the three shallow groundwater monitoring wells located 7 

at SWMU 120 during fIrst-quarter sampling at concentrations which exceeded the RBC. Arsenic 8 

is a common constituent of Zone G soil and groundwater at the concentrations similar to those 9 

recorded at SWMU 120, thus making it diffIcult to assign provenance to this or any other site in 10 

Zone G. The concentrations noted are more likely the result of ambient conditions and not 11 

attributable to site activities. In consideration of the chemical data presented, the groundwater-to- 12 

surface water migration pathway may have merit for this SWMU. However, the groundwater in 13 

the surfIcial aquifer is not currently utilized for consumption, nor is it anticipated to be utilized 14 

in the future, thus invalidating the risk-based exposure migration pathway for arsenic. 15 

Zinc was detected in 1 of 3 groundwater samples collected at SWMU 120 (120003 =94.35 f.J,g/L). 16 

These results were onlv sli!!htlv above the saltwater to surface water chronic screenin!! level. 17 " .... ., - - --= 

The relationship of zinc to historical uses of this site is unclear; however, zinc is present in both 18 

surface and subsurface soil with the highest concentrations recorded in the surface soil. This 19 

distribution indicates a potential surface source. The nearest surface water receptor is the Cooper 20 

River, located approximately 50 feet northeast of SWMU 120. At this site, groundwater flow is 21 

consistent with t.he disc}1~rge to the Cooper ~jver; consequently, tbis pathway !H~~ some merit and 22 

should be considered viable. It should be noted, however, that further analysis of transport effects 23 

should incorporate attenuation of zinc through the processes of dispersion and retardation to the 24 

discharge point, and the effects of dilution upon actual discharge to the Cooper River. Given that 25 

10.9.41 
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zinc is present in the groundwater at levels that are only slightly elevated above the surface water 

screening level, the above-cited attenuation effects on concentrations would limit potential impacts 2 

to sensitive eco-receptors. As a result, while viable, this pathway is not considered to be 3 

significant at this site. 4 

10.9.6.4 Surface Soil-to-Sediment Cross-Media Transport 5 

Table 10.9.8 lists the analytes detected in sediment samples collected as part of the SWMU 120 6 

investigation. Sediment samples were taken at one of two proposed locations. The stonn drain 7 

catch basin located approximately 100 feet south of SWMU 120 was not sampled due to 8 

insufficient sediment to sample. Sediment sample 120MOOOI collected from a floor drain in the 9 

fonner Building AS-40-1 contained detectable levels ofVOCs, SVOCs, pesticides, and inorganics. 10 

The sediment results most likely reflect past disposal procedures at the fonner building. The II 

effects of this potential discharge to the sewer system will be addressed in the Zone L RFI report. 12 

10.9.6.5 Fate and Transport Summary 13 

One inorganic - dieldrin - was detected in two surface soil locations, and exceeded the SSL of 14 

4.0 j.Lg/kg in one surface soil sample at SWMU 120. Dieldrin was not detected in subsurface soil 15 

or in the groundwater. The presence of dieldrin at this SWMU is inconsistent with past practices 16 

at the site, but could be attributed to surface soil application in the past as well as fugitive dust 17 

from any nearby areas that may have been treated. The analytical results indicate a small residual 18 

mass in the soil. Due to the absence of dieldrin in subsurface soil as well as in groundwater, the 19 

soil-to-groundwater pathway is not expected to be significant for dieldrin. One inorganic 20 

- antimony - exceeds the applicable SSL, but was not shown to be present in the groundwater, 21 

thus indicating tf...at the soil-to-groundwater migration pathway for this metal is not sigIlificant. 22 

One inorganic - arsenic - was detected in the shallow groundwater at levels exceeding the 23 

drinking water screening criteria (RBC), and another - zinc - exceeded the surface water 24 

screening criteria. Arsenic is commonly detected in the soil and groundwater at many of the sites 25 
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of this zone, and may be representative of ambient geologic conditions. Even though it is present 

above screening levels, the risk-based exposure pathway is invalidated due to non-use of the 2 

resource. Zinc is present in a single sample at a concentration only slightly above the surface 3 

water screening levels, but was detected in both surface soil and subsurface soil at concentrations 4 

below the SSL. The vertical distribution of zinc in soil indicate that a surface source could be 5 

present but a relationship to site activities is unknown. Groundwater discharge from this SWMU 6 

is to the Cooper River approximately 50 feet to the northeast. However, dispersion, retardation, 7 

and dilution upon discharge can be expected to reduce the significance of the surface water 8 

migration pathway. Therefore, although viable, this pathway is not considered to be significant 9 

at this time. No VOCs were detected in the surface soil, consequently, the soil-to-air pathway is 10 

not considered valid at SWMU 120. 11 

10.9.7 Human Health Risk Assessment 12 

10.9.7.1 Site Background and Investigative Approach 13 

SWMU 120 consists of the laydown area associated with Pier M. Materials released, stored, or 14 

disposed of at the site included lead bricks and shielding, paint/thinner wastes, and greases. 15 

During the RFI, six soil samples were collected from the upper and two samples were collected 16 

form the lower interval to identify potential Lmpacts resulting from tb.e activities listed above. 17 

Surface soil samples from all six boring locations were used to quantitatively assess soil exposure 18 

pathways. Subsurface soil is addressed in the previous section, Fate and Transport Assessment 19 

for SWMU 120. Three monitoring wells were installed in the shallow aquifer. Data from the 20 

first- quarter sampling event were used to quantitatively assess groundwater exposure pathways. 21 

Sections 10.9.3 and 10.9.5 provide snIlunaries of the s~unp!ing effort for SWMU 120 soil and 22 

groundwater. 23 

10.9.43 



10.9.7.2 COPC Identification 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Si!e-Spec~lic Evaluations 
Revision: 0 

Soil 2 

Based on the screening comparisons described in Section 7 of this RFI and presented in 3 

Table 10.9.13, BEQs, antimony, and chromium were identified as COPCs in surface soil. 4 

Groundwater 5 

As shown in Table 10.9.14, arsenic was identified as a COPC for shallow groundwater at 6 

SWMU 120. 7 

10.9.7.3 Exposure Assessment 8 

Exposure Setting 9 

SWMU 120 is located near the entrance to Pier M, and is mostly covered by asphalt pavement. 10 

Steam pipes traverse the eastern portion of the site, and chain link fencing surrounds the unpaved 11 

portion of the site. Access to the site is limited to a gated entry on Hobson Avenue. 12 

Potentially Exposed Populations 13 

Potentially exposed populations are current and future site workers. Additional potentially 14 

exposed populations are hypothetical future site residents. Future site resident and worker 15 

exposure scenarios were addressed quantitatively in this risk assessment. Current exposure to 16 

workers is discussed qualitatively in relation to the future workers and future residents. The 17 

hypothetical future site worker scenario assumes continuous exposure to surface soil conditions. 18 

Current site workers' exposure would be less than that assumed for the hypothetical future site 19 

worker scenario because of their limited soil contact (the pavement would prevent direct contact 20 

to a portion of tlIe site). Therefore, future worker assessment is co:nsidered to be conservatively 21 

representative of current site users. The future site resident scenario was built on the premise that 22 

existing features would be removed and replaced with dwellings. 23 
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Table 10.9.13 
Chemicals Present in Site Samples 
SWMU 120 - Surface Soil 
NO!\la! Baile Charl@ston,ZoneG 
Charleston, South Carolina 

Frequency 
01 

Parameter Detection 

Carcinogenic PAHs 
B(a)P Equiv. · 2 6 
Benzo(a)anthracene 2 6 
Benzo{a)pyrene · 2 6 
Benzo(b)fluoranthene 2 6 
Benzo(k)fluoranthene 2 6 
Chrysena 2 6 
Indeno{1,2,3-cd)pyrene 1 6 

Inorganics 
~uminum (AI) 6 6 
Antimony (Sb) · 3 6 
Alsenic (As) 6 6 
Barium (Ba) 6 6 
Beryllium (Be) 3 6 
Cadmium (Cd) 5 6 
Calcium (Cal 6 6 
Chromium (Cr) · 6 6 
Cobatt (Co) 6 6 
Copper (Cu) 5 6 
Iron (Fe) 6 6 
Lead (Pb) 6 6 
Magnesium (Mg) 6 6 

(Mn) 6 6 
g) 2 6 

6 6 
Potassium (K) 3 6 
Selenium (Se) 4 6 
Sodium (Na) 3 6 
Tin (Sn) 2 6 
Vanadium0/) 6 6 
Zinc (Zn) 6 6 

Pesticides 
4,4'-000 4 6 
4,4'-00E 4 6 
4,4'-DOT 3 6 
alpha-Chlordane 3 6 
Dieldrin 2 6 
Endrin 1 6 
gamma-Chlordane 1 6 

Semivolatile Organics 
2-Methylnaphthalene 2 6 
~enaphthene 1 6 
~nzo(g,h,ijperyiene 1 6 

acid 2 6 
8uty1benzylphthalate 3 6 
Fluoranthene 2 6 
Fluorene 1 6 
Naphthalene 1 6 
Phenanthrene 2 6 
Pyrene 2 6 

Notes: 

RIInge 
01 

Detection 

67.378 125.78 
66 100 
53 92 
72 170 
49 92 
88 160 
57 57 

3030 9950 
1.6 10 

0.91 16.3 
2.9 37 
0.4 0.74 

0.06 1.3 
11400 67600 

3.5 46.5 
0.71 3.5 

1.8 286 
954 12700 
2.2 223 

287 2600 
12.7 118 
0.23 0.35 

1.7 25.1 
253 908 

0.35 0.64 
242 723 

11 20.8 
2.5 46.9 
5.8 501 

12 560 
5.5 130 
35 470 
2.4 24 
3.9 7.1 
3.8 3.8 
2.3 2.3 

45 180 
64 64 
57 57 
58 87 
37 95 

200 260 
45 45 
86 86 

160 190 
160 220 

.. -Indicates chemical was identified as a COPC 
SQL - Sample quantitation limit 
RBC - Risk-based concentration 
UGlKG - micrograms per kilogram 
MG/KG - milligrams per kilogram 
NA - Not applicable or not available 

Average Range Screening Concentration Number 
Detected 01 Residential Exceeding 

Concentration SQL RBC Backaround Units RBe Bkgd 

96.579 831.96 901.29 88 NA UGIKG 1 
83 360 390 880 NA UGIKG 

72.5 360 390 88 NA UGlKG 1 
121 360 390 880 NA UGlKG 

70.5 360 390 8800 NA UGIKG 
124 360 390 88000 NA UGIKG 
57 350 390 880 NA UGIKG 

4836.6667 NA NA 7800 18700 MGlKG 1 
5.33-33 0.33 0.38 3.1 2.89 MGlKG 2 2 

4.635 NA NA 0.43 17.2 MGIKG 6 
18.7 NA NA 550 109 MGIKG 

0.5467 0.11 0.17 0.15 1.2 MGIKG 3 
0.398 0.04 0.04 3.9 1.07 MGlKG 1 

34700 NA NA NA NA MGlKG 
14.0667 NA NA 39 42.8 MGIKG 1 1 
2.0167 NA NA 470 6.6 MGIKG 
108.22 3.6 3.6 27000 260 MGIKG 1 

4349 NA NA NA NA MGIKG 
76.45 NA NA 400 181 MGIKG 1 

946.8333 NA NA NA NA MGIKG 
61.1 !\I_A. NA 180 325 MGIKG 
0.29 0.04 0.04 2.3 1.03 MGIKG 

12.4167 NA NA 160 20.6 MGIKG 3 
465.3333 80 224 NA NA MGIKG 

0.495 0.33 0.41 39 1.22 MGlKG 
468.6667 148 338 NA NA MG/KG 

15.9 0.67 8.2 4700 9.67 MGIKG 2 
12.85 NA NA 55 60.9 MGIKG 
182.2 NA NA 2300 519 MGIKG 

210 2.8 3 2700 NA UGIKG 
58.875 2.8 3 1900 NA UGIKG 

275 2.8 3 1900 NA UGlKG 
10.6 1.5 2.8 1800 NA UGIKG 
5.5 2.7 34 40 NA UGIKG 
3.8 2.7 34 2300 NA UGIKG 
2.3 1.5 20 1800 NA UGIKG 

102.5 360 390 310000 NA UGIKG 
64 360 440 470000 NA UGIKG 
57 350 390 230000 NA UGIKG 

72.5 1700 1800 31000000 NA UGlKG 
61.6667 370 390 1600000 NA UGIKG 

230 360 390 310000 NA UGIKG 
45 380 440 310000 NA UGIKG 
88 350 390 310000 NA UGIKG 

175 360 390 230000 NA UGIKG 
190 360 390 230000 NA UGIKG 
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Exposure pathways for the hypothetical future site residents are dermal contact and incidental 2 

ingestion of surface soils. The exposure pathways for future site workers are the same as those 3 

for the future site residents with respect to soil. The groundwater pathway for the hypothetical 4 

future site residents is incidental ingestion of groundwater. No VOCs were reported in 5 

fIrst-quarter groundwater samples at SWMU 120, therefore the inhalation of volatiles pathway was 6 

not addressed for this site. Uniform exposure was assumed for all sample locations. Table 10.9.15 7 

presents the justifIcation for exposure pathways assessed in this HHRA. 8 

Exposure Point Concentrations 9 

Since less than ten surface soil samples were collected, maximum detected concentrations were 10 

used as EPCs, as discussed in Section 7 of this RFI. Since only three monitoring wells were 11 

established for SWMU 120, maximum reported concentrations in the fIrst-quarter samples were 12 

used as EPCs as well. 13 

Quantification of Exposure 14 

Soil 15 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.9.16 and 10.9.17, 16 

respectively. 17 

Groundwater 18 

CDIs for the groundwater pathway are shown in Table 10.9.18. 19 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.9.19 21 

presents toxicological information specifIc to each COPC identified at SWMU 120. This 22 

information was used in the quantifIcation of riskfhazard associated with soil contaminants. Brief 23 

toxicological profIles for each COPC are provided in the following paragraphs. 24 
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Potentially Exposed 
Pgwrlgtlou 

Current Land Us .. 

Current Users (Site 
Workers) 

Future Land Uses 

Future Site Residents 
(Child and Adult). 
Future Site Worker 

Table 10.9.15 
ZoneG 

SWMUUO 
Exposure Pathways Summary 

Medium and Exposure 
PPtbway 

Air~ _Inhalation of g~us 
contaminants emanating. from 
soil 

Air. Inhalation of chemicals 
entrained in fugitive dust 

Shallow 8fOUIIdwalcr. 
[ng~tiQl1 ofcontamiDants 
<hirini' potable Of' general-use 

Shallow groundwater. 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Soil. Incidental ingestion 

Soil, Dermal contact 

Air. Inhalation of gaseous 
contaminants emanating from 
soil 

Air.-1i1balation ofclIemica.ls 
enlnlfuod in fugitive dUst 

Shallow groundwater. 
Ingestion of contaminants 
during potable or general use 

Shallow groundwater. 
I:iJhala.tion of-volatilized 
contaminants durlng<lomestio 
uso 

Soil. Incidental ingestion 

SOU. Donna! colll3et 

Wild game or domestic 
animals. Ingestion of tissue 
impacted by media 
contamination 

Pathway Selected for 
Eygluation" 

No 

No 

No 

No (Q\laliflOd) 

No (Qualified) 

No 

ND 

Yes 

No 

Ye, 

Yes 

No 
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Drue for SeledWp or EIC'mriop 

Fate and- transport screening did not identify any 
COPes' for Ibis indirect exposure' pathway. 

This exposure pathway was considered 
insignificant compared to the other pathways. 

Shallow grouoowate[.is not currently used as a 
source -of potable or non+.residential water- at 
SWMU 120. 

Shallow groundwater is not currently used as a 
source of potable or non-residential water at 
SWMU 120. 

Fu!l1re sire use -is ,considered conservatively 
representative of current-site use. 

Future site use is considered conservatively 
representative of current site use. 

Fate and transpon screening did not identify any 
COPCs for this indirect exposure pathway. 

'Ibis:exposure pathway_:was considered 
~fiCant colnPJ~ -to the: -other:pathways. 

Shallow groundwater is not likely to be used as a 
source of potable or non-residential water at 
SWMU 120. This pathway was addressed as a 
conservative measure. 

Volalile-COPCs- were not identifie;d subsequent to 
risk ... based, screening-'comparisons. 

COPCs were identified subsequent to risk-based 
and background screening comparisons. 

COPCswe .. identifiedstibsequent to risk·based 
and background screening comparisons. 

Hunting/taking of game andIor raising livestock is 
prohibited within the Charleston. South Carolina 
city limits. 



Potentially Exposed 
Popnletlou 

Table 10.9.15 
ZoneG 

SWMUUO 
Exposure Pathways Swnmary 

Medlwn and Exposure 
Pathway 

Pathway Selected ror 
Eyg'npriMl 

l"nlitsand~los. 
~"fjll8J)t tissues 
grown in media 

No 

10.9.49 

ZolU1 G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 ~ Site-Specific Evaluations 
Revision: 0 

Beeson for Selection or Erouston 

1"IIepotohlialfOtsiJnifi¢aIlt txpoSUte via this 
pathway is low relativeio tha, o(other exposure 
pathwav$ assessed-,. 
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Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spectfic Evaluations 
Revision: 0 

Antimony is absorbed slowly through the gastrointestinal tract, which is the target of this element. 

Another target is the blood, where antimony concentrates. Due to frequent industrial use, the 2 

primary exposure route for antimony to the general population is ingestion. Antimony is also a 3 

common air pollutant from industrial emissions. USEPA has not classified antimony as a 4 

carcinogen, and the oral RID is 0.0004 mg/kg-day (Klaassen, et aI., 1986). The oral RID is based 5 

on a LOAEL of 0.35 mg/kg-day, an uncertainty factor of 1000, and a modifying factor of 1 (IRIS, 6 

1995). 7 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 8 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 9 

cardiovascular effects (Klaassen, et aI., 1986). USEPA set 0.3 j.tg/kg-day as the RID for arsenic 10 

based on a NOAEL of 0.8 j.tg/kg-day in a human exposure study. Arsenic's effects on the nervous 11 

and cardiovascular systems are primarily associated with acute exposure to higher levels. 12 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 13 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 14 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 15 

by USEPA, who established the 1.5 (mg/kg-day)·1 SF. As listed in IRIS the basis for the 16 

classification is sufficient evidence from human data. An increased lung cancer mortality was 17 

observed in multiDle buman DODulations eXDosed nrimarilv throul!b inhalation. Also. increased 18 - - - -- - -- --- ---- ---c-- ----------- c -c ----------- ---c ---- c----------~ -- - -- .... -- -----------~--. ----, -----------

mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 19 

incidence of skin cancer were observed in populations consuming drinking water high in inorganic 20 

arsenic. Human milk contains about 3 j.tg/L arsenic. The tap water RBC for arsenic is 21 

0.045 /Lg/L. As listed in IRIS the critical effect of this chemical is hyperpigmentation, keratosis, 22 

and possible vascular complications. The uncert..aLrlty factor was determined to be 3 and the 23 

modifying factor was determined to be 1. 24 

10.9.54 
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Section 10 - Site-Specific Evaluatio!'.s 
Revision: 0 

Benzo(a)pyrene equivalents include the following list of polynuclear aromatic hydrocarbons 

(PAHs): 

Benzo(a)anthracene TEF 0.1 

Benzo(b )fluoranthene TEF 0.1 

Dibenz(a,h)anthracene TEF 1.0 

Benzo(k)fluoranthene TEF 0.01 

Benzo(a)pyrene TEF 1.0 

Indeno(1,2,3-cd)pyrene TEF 0.1 

Chrysene TEF 0.001 

2 

3 

4 

5 

6 

7 

8 

9 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 10 

above have not been well established. There are no RIDs for the PAHs above due to a lack of 11 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 12 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kg-day)'l. Toxicity 13 

Equivalency Factors, also set by USEPA, are multipliers that are applied to the detected 14 

concentrations, which are subsequently used to calculate excess cancer risk. These multipliers are 15 

discussed further in the exposure and toxicity assessment sections. Most carcinogenic PAHs have 16 

been classified as such due to anintal studies using large doses of purified P AHs. There is some 17 

doubt as to the validity of these listings, and the SFs listed in USEPA's RRC table are provisional. 18 

However, these PAHs are carcinogens when the exposure involves a mixture of other carcinogenic 19 

substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the 20 

benzo(a)pyrene B2 classification is human data specifically linking benzo(a)pyrene to a 21 

carcinogenic effect are lacking. There are, however, multiple animal studies in many species 22 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 23 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 24 

eRA VE Work Group meeting, a revised risk estimate for benzo(a)pyrene was verified (see 25 

10.9.55 
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Revision: 0 

Additional Comments for Oral Exposure). This section provides information on three aspects of 

the carcinogenic risk assessment for the agent in question: the USEPA classification and 2 

quantitative estimates of exposure. The classification reflects a weight-of-evidence judgment of 3 

the likelihood that the agent is a human carcinogen. The quantitative risk estimates are presented 4 

in application of a low-dose extrapolation procedure and presented as the risk per mg/kg-day. The 5 

unit risk is the quantitative estimate in terms of either risk per ~g/L drinking water or risk per 6 

~g/ml air breathed. The third form in which risk is presented is drinking water or air 7 

concentration providing cancer risks of 1 in 10,000 or 1 in 1,000,000. The Carcinogenicity 8 

Background Document provides details on the carcinogenicity values found in IRIS. Users are 9 

referred to the Oral Reference Dose and Reference Concentration sections for information on 10 

long-term toxic effects other than carcinogenicity. 11 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene 12 

B2 classification is no human data and sufficient data from animal bioassays. 13 

Benzo(b )fluoranthene produced tumors in mice after lung implantation, intraperitoneal or 14 

subcutaneous injection, and skin painting. As listed in IRIS, the basis for the benzo(a)anthracene 15 

B2 classification is no human data and sufficient data from animal bioassays. Benzo(a)anthracene 16 

produced tumors in mice exposed by gavage; intraperitoneal, subcutaneous or intramuscular 17 

injection; and topical application. Be!'l2o(a)anthracene produced mutations in bacteria and in 18 

mammalian cells, and transformed mammalian cells in culture. As listed in IRIS the basis for the 19 

benzo(k)fluoranthene B2 classification is no human data and sufficient data from animal bioassays. 20 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 21 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 22 

23 

Chromium exists in two stable, natural forms: Crm and CrVI. Acute exposure to chromium can 24 

result in kidney damage following oral exposure or damage to the nasal mucosa and septum 25 

10.9.56 
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Revision: 0 

following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in kidney and 

respiratory tract damage, as well as excess lung cancer in both animals and humans following 2 

occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). Oral RID 3 

values for Crill and CrVI are 1.0 and 5E-3 (mg/kg-day), respectively. For Crill, the RID is based 4 

on liver toxicity in the rat. For the CrVI, the RID is based on unspecified pathological changes 5 

observed in rat studies. In addition, CrVI is considered a group A carcinogen for inhalation 6 

exposures, and a SF of 42 (mglkg-day)"i has been established for the CrVI. Vitamin supplements 7 

contain approximately 0.025 mg of chromium. As listed in IRIS, no critical effects were observed 8 

for Crill. The uncertainty factor was 100 and the modifying factor was 10. As listed in IRIS, no 9 

critical effects were observed for CrY!. The uncertainty factor for CrVI was 500 and the 10 

modifying factor was 1. II 

10.9.7.5 Risk Characterization 12 

Surface Soil Pathways 13 

Exposure to surface soil onsite was evaluated under residential and industrial (site worker) 14 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 15 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 16 

computed separately to address child and adult exposure. Tables 10.9.20 and 10.9.21 present the 17 

computed carcinogenjc risk..s and/or HQs associated with the incidental ingestion of and dermal 18 

contact with site surface soils, respectively. 19 

Hypothetical Site Residents 20 

The ingestion ILCR (based on the adult and child lifetime weighted average) for SWMU 120 21 

surface soils is lE-06. 

compounds were the sole contributors to ILCR projections for the ingestion and dermal pathways. 23 

10.9.57 
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Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spec~lic Evaluations 
Revision: 0 

The ingestion ills projected for the adult and child receptors are 0.05 and 0.4, respectively. The 

dermal pathway HIs were 0.01 for the adult resident receptor and 0.03 for the child resident 2 

receptor. 3 

, 
Hypothetical Site Workers 4 

Site worker ILCRs are 2E-07 for the ingestion pathway and 3E-07 for the dermal contact pathway. 5 

Benzo(a)pyrene equivalent compounds were the sole contributors to ILCR projections for the 6 

ingestion and dermal pathways. 7 

Site worker HIs were 0.02 for the ingestion pathway and 0.007 for the dermal pathway. 8 

Groundwater Pathways 9 

Exposure to shallow groundwater onsite was evaluated under a residential scenario based on the 10 

results of first-quarter sampling event. The ingestion exposure pathway was evaluated assuming 11 

the site groundwater will be used for potable and/or domestic purposes and that an unfiltered well, 12 

drawing from the corresponding water bearing zone, will be installed. For noncarcinogenic \3 

contaminants evaluated relative to future site residents, hazard was computed separately for child 14 

and adult receptors. Table 10.9.22 presents the risk and hazard for the ingestion pathway. Since IS 

no VOCs were identified as copes in groundwater at SWMU 120, the LTlha!ation pathway was 16 

not addressed at this site. 17 

Hypothetical Site Residents 18 

Arsenic was the only COPC identified in shallow groundwater, and is the sole contributor to 19 

groundwater risk a..'ld ba'7~rd associated with SWMU 120 groundwater pathways. The ILCR for 20 

the future residential scenario is 8E-04. The hazard indices for the adult and child resident are 3 21 

and 8, respectively. 22 

10.9.60 
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Hypothetical Site Workers 

Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10 -Site-Specific Evaluwions 
Revision: 0 

The groundwater pathway risk for the site worker scenario is 3E-04 and the hazard index is 1.2. 2 

Arsenic was the sole contributor to risk and hazard projections associated with the groundwater 3 

~~. 4 

Current Site Workers 5 

Shallow groundwater is not currently used as a potable water source for SWMU 120 or other areas 6 

of Zone G. In the absence of a completed exposure pathway, no threat to human health is posed 1 

by reported shallow groundwater quality. 8 

COCs Identified 9 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected IO 

for this site on a medium-specific basis. USEPA has established a generally acceptable risk range 11 

of 1E-04 to 1E-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, 12 

a COC was considered to be any chemical contributing to a cumulative risk level of 1E-06 or 13 

greater and/or a cumulative hazard index above 1.0, and whose individual ILCR exceeds lE-06 14 

or whose hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, 15 

because a cumulative risk level of 1E-04 (and individual ILCR of 1E-06) is recommended by 16 

USEPA :Region IV as the trigger for establishing COCs. The CDC selection met.1Jod presented 17 

was used in order to provide a more comprehensive evaluation of chemicals contributing to 18 

carcinogenic risk or noncarcinogenic hazard during the remedial goal options development 19 

process. Table 10.9.23 presents the COCs identified for SWMU 120 surface soil and 20 

groundwater. 21 

10.9.62 
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Surface Soils 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Spech1c Evaluatiorr.S 
Revision: 0 

Future Site Residents 2 

Benzo(a)pyrene equivalent compounds were identified as soil pathway COCs based on their 3 

contribution to cumulative residential ILCR projections. 4 

Future Site Workers 5 

No soil pathway COCs were identified for the site worker scenario. 6 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 7 

discussion, residential soil RBCs and background concentrations were compared to each reported 8 

COC concentration. Benzo(a)pyrene equivalents were detected in only one of six surface soil 9 

samples (120SBOO1) at a concentration above the residential RBC (88 /-lg/kg) and were not 10 

detected in four of five of the remaining surface soil samples. Of the individual carcinogenic II 

P AHs that comprise benzo(a)pyrene equivalents reported for surface soil sample 120SBOO1, only 12 

benzo(a)pyrene exceeded its respective RBC. 13 

First-quarter Groundwater 14 

Arsenic was identified as the only groundwater COC for SWMU 120, based on its contribution 15 

risk and hazard projectioI'..5 for t.'le residential a..'1d site 'worker scenarios. "A.rse:nic \-vas detected 16 

at a maximum concentration in the first-quarter shallow groundwater sample (120003) at 17 

35.3 /-lg/L exceeding its tap water RBC (0.045 /-lg/L), and its background value (17.8 /-lg/L). The 18 

maximum reported concentration of arsenic did not, however, exceed its respective MCL of 19 

50/-lg/L. 20 

10.9.64 



10.9.7.6 Risk Uncertainty 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 = Site-Specific Evaluations 
Revision: 0 

Characterization of Exposure Setting and Identification of Exposure Pathways 2 

The potential for high bias is introduced through the exposure setting and pathway selection due 3 

to the highly conservative assumptions (Le., future residential use) recommended by USEPA 4 

Region IV when assessing potential future and current exposure. The exposure assumptions made 5 

in the site worker scenario are highly protective and would tend to overestimate exposure. 6 

Residential use of the site would not be expected, based on current site uses and the nature of 7 

surrounding buildings. If this area were to be used as a residential site, the surface soil conditions 8 

would likely change - the soils could be covered with landscaping soil and/or a house. 9 

Consequently, exposure to surface soil conditions as represented by samples collected during the 10 

RFI would not be likely under a true future residential scenario. These factors indicate that 11 

exposure pathways assessed in this HHRA would generally overestimate the risk and hazard posed 12 

to current site workers and future site residents. 13 

Groundwater is not currently used at SWMU 120 for potable or industrial purposes. A base-wide 14 

system provides drinking and process water to buildings throughout Zone G. This system is slated 15 

to remain in operation under the current base reuse plan. As a result, shallow groundwater would 16 

not be expected to be used under future site use scenarios, and associated path~.vays are not 17 

expected to be completed in the future. 18 

Determination of Exposure Point Concentrations 19 

The maximum detected soil and groundwater constituent concentrations were used as the exposure 20 

assumptions when applied as the EPC, such that it is unlikely that the maximum detected 22 

concentration would be exceeded by the true mean concentration. Since only three monitoring 23 

wells were established on site, it is difficult to conclude whether the first-quarter data is 24 

10.9.65 
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representative of the average arsenic concentration in the surficial aquifer over time. Subsequent 

quarterly samples indicated similar results for arsenic, indicating that first-quarter data could be 2 

conservatively representative of the surficial aquifer. 3 

Frequency of Detection and Spatial Distribution 4 

Benzo(a)pyrene equivalent compounds were detected in only two of six surface soil samples. 5 

Based on available surface soil data, it does not appear that the elevated concentrations of 6 

benzo(a)pyrene equivalents are widespread. In consideration of the apparent isolated nature of 7 

benzo(a)pyrene equivalent impacts, in conjunction with their marginal exceedance of RBCs it is 8 

indicated that the risk and hazard may have been over estimated for these compounds. 9 

Quantification of Risk/Hazard 10 

As indicated by the discussions above, the uncertainty inlterent in the risk assessment process is 11 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 12 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 13 

uncertainty are discussed below. 14 

~ 15 

A conservative scree!11'lg process was used to identify copes for SWMU 120. The potential for 16 

eliminating CPSSs with the potential for cumulative HI greater than 1 was addressed for 17 

noncarcinogens through the use of RBCs that were reduced one order of IDagnitude. For 18 

carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 19 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 20 

of a significant contribution to risldhazard based on elLf!1inated CPSSs. Of the CPSSs screened 21 

and eliminated from formal assessment, only aluminum, arsenic, and beryllium were reported at 22 

concentrations near their RBCs (e.g. within 10% of their RBCs). Each of these elements was 23 

detected at a concentration exceeding its RBC, however, its maximum concentration did not 24 

10.9.66 
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exceed its background concentration. As a result, each chemical was eliminated from 

consideration in the risk assessment. 2 

Groundwater 3 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 4 

screened and eliminated from formal assessment, none was reported at a concentration close to its 5 

RBC (e.g. within iO% of its RBCj. 6 

Groundwater is not currently used as a potable water source at SWMU 120, nor is it used at 7 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 8 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 9 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were IO 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would II 

preclude this aquifer from being an acceptable potable water source. 12 

Background-related Risk 13 

~ ~ 

Aluminum, arsenic, and beryllium were detected in SWMU 120 surface soil at concentrations 15 

above their respective RBCs. These elements were eliminated from consideration in the risk 16 

assessment based on comparison to corresponding background values. It is not unusual for 17 

naturally occurring or background concentrations of some elements to exceed risk-based 18 

concentrations. It is the risk assessment's function to identify excess risk andlor hazard, or that 19 

which is above background levels. The following is a discussion of the residential scenario 20 

risk/hazard associated with background concentrations of a!uwiTlUm, arse!1ic, and bery!!imn. 21 

The maximum surface soil concentration of aluminum (9,950 mg/kg) for SWMU 120 equates with 22 

hazard quotients of 0.1 and 0.007 for the residential child and site worker, respectively. The 23 

10.9.67 
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maximum surface soil concentration of arsenic (16.3 mg/kg) equates with ILCRs of 4E-05 and 6E-

06 for the residential and site worker scenarios, respectively. The maximum reported 2 

concentration of arsenic also equates with hazard quotients of 0.7 and 0.04 for the residential child 3 

and site worker, respectively. The maximum reported concentration of beryllium (.74 mg/kg) 4 

yielded ILCRs of 6E-06 and 8E-07 for the residential and site worker scenarios, respectively. 5 

Hazard quotients resulting from the maximum reported concentration of beryllium were 0.002 and 6 

0.0001 for the residential child and the site worker, respectively. 7 

10.9.7.7 Risk Summary 8 

The risk and hazard posed by contaminants at SWMU 120 were assessed for future site workers 9 

and future site residents under reasonable maximum exposure assumptions. The absence of 10 

significant lead concentrations in surface soil indicates that the primary source for potential 11 

contamination (palletized lead bricks) at SWMU 120, resulted in minimal impacts. For surface 12 

soils, the incidental ingestion and dermal contact pathways were assessed in this HHRA. For 13 

groundwater the ingestion pathway was assessed. Table 10.9.24 presents the risk summary for 14 

each pathway/receptor group evaluated for SWMU 120. 15 

Soil - Residential Scenario 16 

Residential soil pathway COCs identified for SWMU 120 are ben.zo(a)pyrene equivalents. !7 

Figure 10.9-8 illustrates point risk estimates for SWMU 120 based on soil exposure pathways 18 

under a future residential scenario. Table 10.9.25 summarizes the risk and hazard contribution 19 

of each COPC at each sample location. This point risk map is based on the unlikely assumption 20 

that a potential future site resident will be chronically exposed to specific points. Exposure to 21 

snrface soil conditio!lS is more likely the result of u!1iform exposure to the soil conditiop..s of the 22 

entire site (or exposure unit area) rather than specific pOints. With this in mind, risk maps 23 

supplemented by the tables are useful in that they allow the reader to visualize how chemicals 24 

driving risk estimates are spatially distributed across the site. 25 

10.9.68 
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Table 10.9.25 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 120 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk IE-061 % Risk 
120 001 Antimony (Sb) 10.0 MG/KG 0.3428 72.9 NA 
120 001 B(a)P Equiv. 125.8 UG/KG NA 2.083 100 
120 001 Chromium {Crl 46.5 MG/KG 0.1275 27.1 NA 

Total 0.4703 2.083 

120 002 Antimony (Sb) 4.4 MG/KG 0.1508 80.2 NA 
120 002 B(a)P Equiv. 67.4 UG/KG NA 1.116 100 
120 002 r.hrnmillm rr:r\ 13.6 MGfKG 0.0373 19.8 NA _ ... _ .... _ ... ~-., 

Total 0.1881 1.116 

120 003 Antimony (Sb) ND MG/KG NA NA 
120 003 B(a)P Equiv. ND UG/KG NA NA 
120 003 Chromium {Cr) 3.5 MG/KG 0.0096 100 NA 

Total 0.0096 NA 

120 004 Antimony (Sb) ND MG/KG NA NA 
120 004 B(a)P Equiv. ND UG/KG NA NA 
120 004 Chromium (Cr) 7.4 MG/KG 0.0203 100 NA 

Total 0.0203 NA 

120 005 Antimony (Sb) ND MG/KG NA NA 
120 005 B(a)P Equiv. ND UG/KG NA NA 
120 005 Chromium (Cr) 5.5 MG/KG 0.0151 100 NA 

Total 0.0151 NA 

120 006 Antimony (Sb) 1.6 MG/KG 0.0548 71.7 NA 
120 006 B(a)P Equiv. ND UG/KG NA NA 
120 006 Chromium (Cr) 7.9 MG/KG 0.0217 28.3 NA 

Total 0.0765 NA 
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Benzo(a)pyrene equivalents are the sole contributors to risk estimates above lE-06 at two of six 

surface soil sample locations. Risk estimates ranged from IE-06 (1205B002) to 2E-06 2 

(1205B001). 3 

Antimony and chromium were the sole contributors to hazard estimates at SWMU 120; however, 4 

hazard indices did not exceed unity at any surface soil sample location. Hazard index estimates 5 

ranged from 0.Q1 (120SB003) to 0.5 (120SB001). 6 

Soil- Site Worker Scenario 7 

No soil pathway COCs were identified for the site worker scenario. 8 

Groundwater - Residential Scenario 9 

Arsenic was identified as a groundwater pathway COC. As shown in Table 10.9.26, arsenic was to 

the sole contributor to risk and hazard projections for SWMU 120 groundwater at two of three 11 

groundwater sample locations. Risk estimates ranged from 6E-04 (120001) to 8E-04 (120003), 12 

with a mean ILCR of 7E-04. Hazard estimates ranged from 6 (120001) to 8 (120003), with a 13 

mean hazard index of 7. Figures 10.9-9 and 10.9-10 illustrate point risk and hazard for the 14 

groundwater pathway, respectively, under a residential scenario. 

10.9.7.8 Remedial Goal Options 

Soil 

15 

16 

17 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 18 

Table 10.9.27 for surface soils. Hazard-based RGOs were calculated based on the hypothetical 19 

child resident, as noted in the table. 20 

Groundwater 21 

Groundwater RGOs based on the site resident scenario are shown in Table 10.9.28. 22 

10.9.72 



Table 10.9.26 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
SWMU 120 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units 
120 001 Arsenic (As) 

120 002 

120 003 

Total 

Arsenic (As) 
Total 

Arsenic (AS) 
Tota! 

26.5 UG/L 

ND UG/L 

35.3 UG/L 

Hazard Index % HI 
5.647 100 
5.647 

NA 
NA 

7.522 100 
7.522 

Risk (E-06) % Risk 
591.2 100 
591.2 

NA 
NA 

787.5 100 
787.5 
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10.9.8 Corrective Measures Considerations 
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NA VBASE Charleston 

Section 10 - Site-Spec~J:ic Evaluations 
Revision: 0 

Based on the analytical results and the human health risk assessment for SMWU 120, COCs 2 

requiring further evaluation through the CMS process have been identified for surface soil and 3 

groundwater. The site is currently in an industrial setting, however risk to human health was 4 

evaluated under both the residential and industrial (site worker) scenarios for incidental ingestion 5 

and dermal contact exposure pathways. Hazard was evaluated for noncarcinogenic contaminants 6 

through incidental ingestion and dermal contact scenarios. 7 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 8 

cumulative risk level of lE-06 or greater and/or a cumulative hazard index above 1.0, and whose 9 

individual risk exceeds lE-06 or whose hazard quotient exceeds 0.1. 10 

BEQs were identified as soil pathway COCs for SMWU 120. Arsenic was identified as a 11 

groundwater pathway COC for SMWU 120. Table 10.9.29 presents cumulative and COC-specific 12 

exposure risks and hazard quotients. 13 

Risk-based remedial goals for the COCs at SMWU 120 for soil and groundwater are presented in 14 

Tables 10.9.27 and 10.9.28, respectively. Potential corrective measures are presented in 15 

Table 10.9.30, 16 

10.9.78 



Chemical 

Soil 

BEQ. 

Cumulative 

Groundwater 

Arsenic 

Cumulative 

Nottl: 
NO Not Determined 

Medium 

Soil 

Groundwater 

Table 10.9.29 
ZoneG 

SWMUUO 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spec~fic Evaluatiofl.s 
Revision: 0 

Cwnulative and Cbemical-8pecific Exposure Risks and Hazard 

industrial 

4.2E.()1 

4.2E-Q7 

2.SE-04 

25E.()4 

Risk 

Residential 

2.1£-00 

2.1E=06 

8.OE.()4 

8.0E-04 

Table 10.9.30 
ZoneG 

SWMUUO 

Hazard 

Industrial Residential 

NO NO 

ND ND 

1.2 7.5 

1.2 75 

Potential Corrective Measures 

Compounds 

BEQs 

Arsenic 

Potential Corrective Measures 

a) No Action: 
b) ExcaYate;. offsile disposal, and monitoring 
c) COntailunenticapping: 

a) No Action 
b) Monitoring 
c) Ex·sibJ physical/chemical treabllent and discharge to POTW 
d) Ex-siN physicaUchemicai treatment and discharge through 

NPDES permitting 

10.9.79 



10.10 AOC 643, Substation, Building 125 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 
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Revision: 0 

A CSI site, AOC 643 is the electric substation at Building 125 which lies on the north side of 2 

Hobson Avenue, near the entrance to Pier N. At one time, PCB transformers, inactive DC 3 

generators, switches, and circuit breakers were stored in a wooden shed adjacent to Building 125. • 

A dielectric fluid spill/cleanup was documented, and stains were noted on concrete pavement 5 

around this area. 6 

10.10.1 Site Geology 7 

The soil boring and sediment sampling locations for AOC 643 are shown in Figure 10.10-1. Since 8 

no monitoring well borings were advanced at this site, the detailed stratigraphy for this AOC could 9 

not be determined. Geologic data for monitoring well boring FDSOIE (installed during the 10 

investigation of the Fuel Distribution System), approximately 63 feet northeast of AOC 643, is 11 

therefore presented. The stratigraphy at this location consists of a layer of fill (loose, silty, 12 

gravelly, sand) overlying a layer of black silty clay, over a layer of dark gray, silty, clayey, sand, 13 

which overlies soft gray silty clay. The silty clay is representative of the Qc unit described in I. 

Section 2.2.3.2. The silty clay unit was encountered near the total depth of the borings, occurring 15 

about 10 ft bgs. The static groundwater elevation at AOC 643 is approximately 3 ft ms!. The 16 

shallow groundwater flow at this site is towards the Cooper River. 17 

10.10.2 Field Investigation Approach 18 

The objective of the field investigation at AOC 643 was to: (I) confirm the presence or absence 19 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 20 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 21 

the investigation area iilCluded soil and sediInent. Section 3 of this report details the methods used 22 

during the field investigation. Included in this section are descriptions of the hand-auger 23 

procedures used for soil sampling; sediment sampling procedures; and miscellaneous procedures 24 

10.10.1 
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used during the field investigation. Also discussed are the analytical protocols for sample 

analyses. Appendix D contains the analytical data report for samples collected in Zone G. 2 

10.10.3 Soil Sampling and Analysis 3 

The approved final RFI work plan proposed advancing seven soil borings within the AOC 643 4 

area to detect the presence of any soil contamination from this site. Upper and lower interval soil 5 

samples were proposed from each boring. Twelve soil borings were advanced during the field 6 

investigation, in two phases (Figure 10.10-1). Seven borings were advanced during the first phase 7 

of the field investigation. Upper and lower interval samples were collected from each location. 8 

In accordance with the approved final RFl work plan, first phase soil samples were analyzed for 9 

pesticide/PCBs, SVOCs and VOCs at DQO Level ill. Six first-round samples were also analyzed 10 

for metals. Later, five second-round soil borings were advanced to delineate semivolatile and, 11 

pesticide/PCB exceedances identified during the first sampling round. Upper and lower interval 12 

samples were collected at all five second-round boring locations. Second-round samples from 13 . 

AOC 643 were analyzed for pesticide/PCBs, and SVOAs at DQO Level III. Table 10.10.1 14 

summarizes the AOC 643 soil samples and analyses. 15 

10.10.3.1 Nature of Contamination in Soil 16 

Inorganic 17 

analytical results for soil are summarized in Table 10.10.3. Table 10.10.4 summarizes all analytes 18 

detected in soil at AOC 643. Appendix D contains a complete analytical data report for all 19 

Zone G samples collected. 20 

10.10.3 



Boring 
Location 

6435BOOI 

6435B002 

6435B003 

6435BOO4 

6435B005 

643SDOO6 

6435B007 

6435B008 

6435BOO9 

6435BOIO 

6425BOll 

6435B012 

Sample 
Identifier 

643SBOOIOI 
643SBOO102 

6435B00201 
6435BOO202 

6435BOO301 
6435BOO302 

6435B00401 
6435B00402 

643SBOOSOI 
643SBOOS02 

643SDOO601 
6435B00602 

6435B00701 
643SB00702 

6435B00801 
6435B00802 

643SB00901 
643CBOO9OI* 
6435B00902 

6435B01001 
643CBOlOOI* 
6435B01002 

6435801101 
6435BOl102 

6435B01201 
6435B0I202 

Table 10.10.1 
ZoneG 

AOC 643 Soil Samples 

Sample Date 
Interval Collected 

Upper 9124196 
Lower 

Upper 9125196 
Lower 

Upper 10102196 
Lower 

Upper 9124196 
Lower 

Upper 9125196 
Lower 

Upper 9125196 
Lower 

Upper 9/24/96 
Lower 

Upper 1110/97 
Lower 

Upper 1110197 

Lower 

Upper 1110/97 
Lower 

Upper 1/10197 
Lower 

Upper 1110197 
Lower 

Noles: 
1 
2 

SW-846 (pesticides/PCBs, SVOCs. VOCs) at DQO Level III 
SW-846 (pesticides/PCBs. SVOCs) at DQO Level III 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

C:OI"";"'''' 111 _ C:i,,,,,_ C:n" ... i/i ... 17 .. , ... 1 .. ,.*; ......... ....... ~u ..... ....... .... u ... - .... y ... ~.J.~ &oJ O' .... ,,,,,,",vrw 

Revision: 0 

Analyses Remarks 

Note I/metals 

Note 1 

Note 1 

Note lImetals 

Note 1 

Note 1 

Note lImetals 

Nme2 Second-round sample 

Note 2 Second-round sample 
Note 3 ·Duplicate sample 
Note 2 

Note 2 Second-round sample 
Note 3 "'Duplicate sample 
Note 2 

Note 2 Second-round sample 

Note 2 Second-round sample 

3 Appendix IX suite: SW-846 (metals, pesticideslPCBs, herbicides, dio~ins, SVOCs, VOCs); cyanide; he~-chrome at DQO Level IV 
Duplicate sample 

10.10.4 
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Volatile Organic Compounds in Soil 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Two VOCs were detected in AOC 643 surface soil samples. Two different VOCs were detected 2 

in AOC 643 subsurface soil samples. No surface or subsurface soil VOC concentrations exceeded 

a respective RBC or SSL. 4 

Semivolatile Organic Compounds in Soil 5 

Sixteen SVOCs were detected in surface soil samples at AOC 643. Benzo(a)pyrene, 6 

benzo(a)antbracene, benzo(b)fluoranthene and dibenz(a,h)antbracene exceeded their respective 7 

RBCs in surface soil samples at this AOC. Figure 10.10-2 presents total BEQ concentrations 8 

detected in surface soil at AOC 643. 9 

Twelve SVOCs were detected in subsurface soil samples at AOC 643. No SVOCs in subsurface 10 

soil exceeded their respective SSL. II 

Pesticides and PCBs in Soil 12 

Seven pesticides were detected in surface soil samples at AOC 643. No pesticides in surface soil 13 

exceeded their respective RBC. Aroclor-1260 was detected in surface soil above the RBC for this 14 

parameter. Figure 10.10-3 presents Aroclor-1260 concentrations detected in surface soil. 15 

Five pesticides were detected in subsurface soil samples at AOC 643. Dieldrin was detected in 16 

subsurface soil above the SSL for this parameter. Figure 10 .10-4 presents dieldrin detected in 17 

subsurface soil. 18 

Other Organic Compounds in Soil 19 

Dioxin (2,3,7,8-TCDD TEQ) was detected in two surface soil duplicate samples below the RBC 20 

for this parameter. 21 

10.10.23 
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Inorganic Elements in Soil 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 ~ Site-Specific Evaluations 
Revision: 0 

Twenty-three metals plus cyanide were detected in surface soil samples collected at AOC 643. 2 

Arsenic, chromium, and vanadium were detected at concentrations exceeding their respective 3 

RBCs and background concentrations for Zone G surface soil. Figure 10.10-5 presents arsenic 4 

concentrations detected in surface soil. Figure 10.10-6 presents chromium concentrations detected 5 

in surface soil. Figure 10.10-7 presents vanadium concentrations in surface soil. Iron was also 6 

detected in site soil samples at concentrations exceeding the RBC. Iron is considered an essential 7 

nutrient and consequently a background concentration has not been established. 8 

Sixteen metals were detected in subsurface soil samples at AOC 643. No metals detected in 9 

subsurface soil exceeded the greater of their respective SSL or subsurface soil background 10 

concentrations. II 

10.10.4 Sediment Sampling and Analysis 12 

The approved fInal RFI work plan proposed collecting one sediment sample to identify potential I3 

contaminants introduced to the storm sewer system from the site. One sediment sample was 14 

collected during the fIeld investigation (Figure 10.10-1). In accordance with the approved fInal 15 

RFI work plan, this sample was analyzed for pesticides/PCBs, SVOCs, VOCs at DQO Level III. 16 

Table 10.10.5 SUll1.1.T.arizes the AOe 643 sediInent sample and analyses. i7 

Table 10.10.5 
ZoneG 

AOC 643 
Sediment Sample and Analyses 

Sample Date 
Identifier CoUected 

643MOOOI 643MOOOIOI 9/27/% 

Note: 
SW-846 (pesticides/PCBs, SVOCs, VOCs) at DQO Level III 

10.10.27 

Re..iuarks 

See note 
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10.10.4.1 Nature of Contamination in Sediment 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Siie-Specific Evaiuarions 
Revision: 0 

Organic compound analytical results for sediment are summarized in Table 10.10.6. 2 

Table 10.10.7 presents a summary of all analytes detected in sediment at AOe 643. Appendix D 

contains the complete analytical data report for all Zone G samples analyzed. . 4 

The following sections discuss sediment sample results in relation to detected soil parameters to 5 

offer an indication of potential attribution. However, much of AOC 643 is paved, limiting the 6 

potential for surface erosion and sediment transport from the immediate site area. Given that the 7 

sediment sample was collected from an engineered structure (storm water catch basin), this 8 

material is not true sediment generated in a native setting, and therefore, is not compared to 9 

reference concentrations or other criteria. 10 

Volatile Organic Compounds in Sediment 11 

One voe, trichloroethene, was detected in the AOe 643 sediment sample. A single 12 

trichloroethene concentration of 3 jlg/kg was detected. Trichloroethene was also detected in a site 13 

surface soil sample. 14 

Semivolatile Organic Compounds in Sediment 15 

Tv/enty-two SVOCs were detected in AOC 643 sediment samples. Of these SVOCs, all but lb 

acenaphthylene, dibenzofuran, bis(2-ethylhexyl)phthalate, 2-Methylnaphthalene, 4-Methylphenol, 17 

and naphthalene were also detected in soil. The highest sediment svoe concentration was 18 

14,000 J-Ig/kg of bis(2-ethylhexyl)phthalate. 19 

PesticideS and PCBs in Sediment 20 

Eight pesticides were detected in AOe 643 sediment samples. Of these pesticides, all except 21 

heptachlor epoxide were also detected in soil. The highest sediment pesticide concentration was 22 

110 J-Ig/kg of endrin aldehyde. 23 

10.10.31 



Table 10.10.6 
ZoneG 

AOC643 

Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10 - Siie-Specific Evaluations 
Revision: 0 

Organic Analytical Results for Sediment 

Parameters 

Volatile Organic Compounds (1 Sample) ("g!kg) 

TrichJoroethene 

Semivolatile Organic Compounds (1 Sample) (uglkg) 

BEQs' 

Benzo( a)anthracene 

Benzo(b)f1uorantbene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Chrysene 

Dibenz(a.h)anthracene 

Indeno{ 1.2,3-cd)pyrene 

Acenaphthene 

AcenaphthyJene 

Anthracene 

Benzo(g,h, i)perylene 

Di-n-butylphthaI3te 

Di-n-octylphthalate 

Dibenzofuran 

bis(2-Ethylhexyl)phthalate 

Fluoranthene 

Fluorene 

2-Methylnaphthalene 

4·Methylphenol (p.Cr.sol) 

Naphthalene 

Phenanthrene 

Pyrene 

Frequency 
of 

Detection 

111 

III 

111 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

10.10.32 

Raoge of 
Detections 

("g!kg) 

3.00 

2033.7 

1300 

1200 

1300 

1300 

1700 

390 

790 

230 

63.0 

410 

870 

520 

710 

140 

14000 

4400 

160 

200 

86.0 

160 

2100 

3000 

Mean of 
Detections 

("g!kg) 

3.00 

2033.7 

1300 

1200 

1300 

1300 

1700 

390 

790 

230 

63.0 

410 

870 

520 

710 

140 

14000 

4400 

160 

200 

86.0 

160 

2100 

3000 



Parameters 

Pesticides and PC85 (1 Sample) We/kg) 

alpha-Chlordane 

gamma-Chlordane 

4,4'-000 

4,4'-00E 

4,4'-00T 

Dieldrin 

Endnn aldehyde 

Heptachlor epoxide 

Notes: 

Table 10.10.6 
ZoneG 

AOe643 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - SUe-Speci/ic Evaluations 
Revision: 0 

Organic Analytical Results for Sediment 

Frequency 
of 

Detection 

III 

III 

III 

III 

III 

III 

III 

III 

Range of 
Detections 
~g/kg) 

45.0 

49.0 

42 

43 

9.20 

6.60 

110 

2.90 

Mean of 
Detections 
~g/kg) 

45.0 

49.0 

42 

43 

9.20 

6.60 

110 

2.90 

I Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health Risk Assessment. Bullelin 
2 (USEPA, 1995b) 

~g/kg Micrograms per kilogram 

10.10.33 



Parameters 

Volatile Organic Compounds eyg/kg) 

Trichloroethene 

Semivolatile Organic Compounds we/kg) 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthrene 

Benzo(a)pyrene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno( 1 ,2,3·cd)pyrene 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(g.h, i)perylene 

Dibenzofuran 

Di-n-butylphthalate 

Di-n-octylphthalate 

bis(2-Ethylhexyl)phthaiate 

Fluoranthene 

Fluorene 

2-Metbylnaphthalene 

4-MethyJphenol 

Naphthalene 

Phenanthrene 

Pyrene 

Table 10.10.7 
ZoneG 

AOC643 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site~Specific Evaluations 
Revision: a 

Analytes Detected in Sediment Samples 

Location Concentration 

643Moool 3 

643MOOOi 2033.7 

643Moool 1300 

643Moool 1200 

643Moool 1300 

643Moool 1300 

643Moool 1700 

643Moool 390 

643Moool 790 

643Moool 230 

643Moool 63 

643Moool 410 

643Moool 870 

643Moool 140 

643Moool 520 

643Moool 710 

643Moool 14000 

643Moool 4400 

643Moool 160 

643Moool 200 

643Moool 86 

643Moool 160 

643Moool 2100 

643Moool 3000 
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Parameters 

Pesticides (Ilg/kg) 

alpha-Chlordane 

gamma-Chlordane 

4.4··DDD 

4.4··DDE 

4.4··DDT 

Dieldrin 

Endrin aldehyde 

Heptachlor epoxide 

Noles: 

Table 10.10.7 
ZoneG 

AOC 643 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 ~ Site-Specific Evaluaiions 
Revision: 0 

Analytes Detected in Sediment Samples 

Location Concentration 

643MOOOI 45 

643MOOOI 49 

643MOOOI 42 

643MOOOI 43 

643MOOOI 9.2 

643MOOOl 6.6 

643MOOOl 110 

643MOOOI 2.9 

I Calculared from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 
2 (USEPA. 1995b) 

Ji-g/kg Micrograms per kilogram 

10.10.5 Fate and Transport Assessment 

A eSI site, AOe 643 is the electric substation at Building 125 which lies on the north side of 2 

Hobson ~Avenue. Environrnental media sa..~pled as part of the AOe 643 investigation include 3 

surface soil, subsurface soil, and sediment. Potential constituent migration pathways investigated 4 

for AOe 643 include soil-to-groundwater, surface soil-to-sediment, and emission of volatile 5 

compounds from surface soil to air. 6 

10.10.5.1 7 

Table 10.10.8 compares maximum detected organic and inorganic constituent concentrations in 8 

surface and subsurface soil samples to risk -based soil screening levels considered protective of 9 

groundwater. For inorganic compounds, maximum concentrations in soil are compared to the 10 
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Table 10.10.8 
Chemicals Detected in Surface Soil, Subswface Soil, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Saltwlter Smface Waler Chronic SCRening Levels. Uld Blckground Conemttations 

NA VBASE Charleston, Zone G: AOC 643 
Charleston. Soulb Carolina 

Max. Concentration Max, Concentration Senening Concentration • 
Soil to Saltwater 

Surface Subsurface Shallow ll«p GW Tap Water Surf Wtr. Soil 

Parameter Soil Soil GW GW SSL RBC Chronic Units 

Volatile Organic Compounds 
Benzene 3 NO NA NA 30 0.36 109 00<0 

arbon disulfide NO 3 NA NA 32000 1000 NA 00'" 
richloroethenc 2 NO NA NA 60 1.6 NA 00>" 

Xylene (total) NO I NA NA 148000 12000 NA 00>" 

Semivolatile Organic Compound, 
Acenaphthene 86 NO NA NA 510000 2200 9.7 00'" 
Anthracene 200 " NA NA 12000000 11000 NA 00<" 

Benzo(g,h,i )perylene "0 150 NA NA 4.66E+08 1500 NA -" 
Benzo(a )pyrene equival ents 

Benze( a)anthracene 1000 180 NA NA 2000 0.092 NA 00<" 

Benzo( a )pyrene 900 150 NA NA '000 0.0092 NA 00<" 
Benze(b )fluoranthene 1000 310 NA NA '000 0.092 NA 00<" 
Benzo(k )fluoranthene 580 " NA NA 49000 0,92 NA 00," 
Chrysene 970 200 NA NA 160000 9.2 NA 00>" 
Oibenzo( a.h )anthracene 290 70 NA NA 2000 0.0092 N.A. t.'!lo1!:G 

Indeno( ! .2.3-cd)pyrene '00 140 NA NA 14000 0.092 NA 00'" 
Di-n-butylphthalale 40 NO NA NA 2300000 3700 3.' 00>" 
Di-n-octylphthalate 6. NO NA NA 10000000 730 NA 00'" 
Fluoranthene 1900 390 NA NA 4300000 1500 1.6 00'" 
Fluorene 66 NO NA NA '60000 1500 NA 00<" 
Phenanthrene 970 260 NA NA 1380000 1500 NA 00'" 
Pyrene 1300 370 NA NA 4200000 1100 NA 00>" 

PesticideslPCB Compounds 
Aroclor-1260 1700 420 NA NA 1000 0.034 0.03 00<" 

alpha-Chlordane 13 3.2 NA NA 10000 0.19 0.004 -" ·amma-Chlordane 24 NO NA NA 10000 0.19 0.004 "~" 
A'·DDD 24 NO NA NA 16000 0.28 0,025 00'" 

t'A'-DDE 380 4' NA NA 54000 0.2 0.14 00'" 
A'·DDT 13. 28 NA NA 32000 0.2 0.001 00'" 

Dieldrin NO 22 NA NA • 0,0042 0,0019 00'" 
Endrin ., NO NA NA 1000 -- II 0.0023 00'" 
Endrm aldehyde 120 3.' NA NA 1000 II NA UGKG 

Dioxin Compounds 
Dioxin (TCDD TEQ) 54849 NA NA NA 1900 0,45 10 ~'" 

Inorganic Compounds 
Aluminum 6290 5740 NA NA 1000000 37000 NA MGKG 

Antimony I NO NA NA 5 " NA IIKa:G 

Arsenic 52.7 '.1 NA NA 29 17.8 36 MG;KG 

Barium 130 10.8 NA NA 1600 1600 NA MC"KC, 

Beryllium 00.37 0.48 NA NA 63 0,016 NA MGKG 

Cadmium 0.69 0,28 NA NA • 18 '.3 MG'Kc, 

Chromium (total) 52,3 33.7 NA NA 1000000 180 SO MG'KO 

Cobalt 24,8 1.6 NA NA 2000 2200 NA 
.~" 

lopper 36.8 •.. NA NA 920 130000 8,33 MG-'KG 

Cyanide 01:' ND NA N.4. 40 730 311 "",,~li 

Lead ". 27.5 NA NA '00 15 ., "".K" 

Manganese 184 103 NA NA 1100 2906 NA MG''KG 

Mer~ury 0.14 NO NA NA 2.1 II 0.025 "".KG 

Nickel 2L5 NO NA NA 130 730 21,7 MG.'KG 

Selenium 0.86 L2 NA NA , 180 71 MGlKG 

Silver 0,65 NO NA NA 34 180 2.' ~" 
m 2' NO NA NA 11000 22000 NA MG-'KC, 

Vanadium 141 31.3 NA NA 6000 2'" NA ~~" 
me IS' NO NA NA 12000 11000 86 MG-'KC, 

Screening Concentrations 

W.", 
Units 

00. 
00. 
00. 
00. 

00. 
00. 
00. 

""'-
""'-
""'-
""'-
00. 
UG.1. 

00' 
00' 
00' 
00' 
00. 
00. 
00' 

00. 
00. 
00. 
". 
,~. 

UG'!. 

00' 
00' 
,~. 

ffi' 

,., 
me 
UGt ,., 
~ .. 
.JG1_ 

unt 

ueH 
II(;'t 

ti(>, 

,., 
IJCN! 

lIG-'I. 

U('.'I. 

,~, 

~ .. 
00. 
1K".10 

00' 

Soil 10 GW • Generic SSLs based on OAF", 20. from 1996 Soil Screenin£ Gyid!!J!c!' o'!'c!!k!!!~ed !!~ing '!!!!ues from T!!b!e 6,4 
Tap Waler RBe· From EPA Region III Risk·Based Concentration Table. October 22. 1997 

Ground- Surface 
W!!t!:f W!.!er 

Leaching Migration Migration 
Potential Concern Concern 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Salt Water Surface Water Chronic _ From EPA Supplemental Guidanee to RAGS: Region IV Bulletins, Ecological Risk AS5e55menl, November, 1995; Table 2 
For inorganics. the value shown is the gre-ater of the relevant screening value or the corresponding background value 

NA - Not availablelNot applicable 
NO· Not detected 
RBC - Risk based concenlrlltion 
SSL - Soil screening level 
MGIKO· Milligrams per kilogram 
NGIKO - Nanograms per kilogram 
POlL· Plcograms per liter 
UO/KG - Micrograms per kilogram 
UG/L • MIcrograms per liter 
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greater of either the risk-based soil screening levels or the corresponding background values. To 

provide a conservative screening, generic soil screening levels are used. Leachate entering the 2 

aquifer is assumed to be diluted by a ratio of 20: 1, with no attenuation of constituents in soil 

(DAF = 20). 4 

Two organic constituents - dieldrin and Aroclor-1260 - were detected in AOC 643 soil at 5 

concentrations exceeding groundwater protection SSLs. Dieldrin was detected in only 1 of 6 

12 subsurface soil samples (22.0 /-tg/kg at 643 SB006) , and was not detected in any of the 7 

12 surface soil samples collected. Since the presence of dieldrin at AOC 643 is not consistent with 8 

historical activities at this site, the provenance of dieldrin at this site is unclear. The vertical 9 

distribution of dieldrin at location 643SBOO6 in the grassy area at AOC 643, is consistent with this 10 

pesticide is strong affinity to adsorb to soil media, thereby limiting its mobility and attenuating 11 

with depth in the soil colunrn. The limited detection in only one subsurface soil sample points 12 

toward the presence of a limited residual mass in the subsurface soil. This compound's absence 13 

in surface soil and presence in the subsurface soil at concentrations five times the applicable SSL 14 

argue that the soil-to-groundwater migration pathway for AOC 643 may have some merit with 15 

respect to dieldrin. 16 

One PCB compound - ft.roclor-1260 - ,vas detected iIl two surface soil sa..YIlp]es at concentrations ji 

exceeding the groundwater protection SSL of 1000 /-tg/kg. The presence of Aroclor-1260 at this 18 

site is consistent with historical site activities. The majority of the detections were in surface soil 19 

(6 of 12). Aroclor-1260 was detected in three subsurface soil samples. No concentrations 20 

detected in subsurface soil samples exceeded the SSL. The maximum concentrations of Aroclor- 21 

1260 present in the surface and subsurface soil samples were 1700 j-tg/kg and 420 Io'g/kg 22 

respectively. The distribution of Aroclor-1260 is consistent with the typical chemical behavior 23 

for PCBs (marked attenuation with depth as constituents adsorb readily to organic carbon sites in 24 

soil media). This adsorption tends to effectively immobilize these types of contaminants. The 25 

vertical distribution of the Aroclor-1260 supports this, as concentrations decrease significantly 26 
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with depth. As for pathway validity, the site surface around AOC 643 is a grassy area, thus 

allowing precipitation to readily infiltrate and transport these constituents downward into the 2 

subsurface soils with no apparent limit to leaching potential. Evidence from the sampling results, 3 

however, suggest that this organic constituent has been effectively immobilized with depth (not 4 

present above SSL in subsurface soil). The exceedances detected were at locations 643SBOO7 and 5 

643SBOlO in the surface soils, indicating that a limited residual mass may be present in surface 6 

soil. Assuming stabilization between soil and groundwater media, the soil-to-groundwater pathway 7 

for Aroclor-1260 is not expected to be significant (as demonstrated by absence of exceedances in 8 

the subsurface soil). 9 

One inorganic constituent - arsenic - was detected in 5 surface and 3 subsurface soil samples. 10 

Arsenic was detected at concentrations exceeding groundwater protection SSLs in only one surface II 

soil sample location 643SBOO9. Although detected in all subsurface soil samples, no exeedances 12 

of the applicable SSLs were reported in the subsurface soil samples. Most inorganic constituents 13 

detected at this site exhibit a remarkable attenuation of concentration in the subsurface soil. This 14 

depletion in concentration is consistent with a surficial source, and in the absence of a mobilizing 15 

agent, inorganics will tend to adsorb onto soil media. The presence of arsenic is not consistent 16 

with historical activities at AOC 643, but is a common constituent of Zone G soil, thus making 17 

it difficult to assign provenance to t.~is site. ...t\dditionally, given L'1e persistent presence of arsenic 18 

throughout Zone G soil, consideration should be given that the concentrations of arsenic noted in 19 

the surface and subsurface soil at AOC 643 are within the range of ambient conditions and not 20 

attributable to site activities. The concentrations of arsenic detected in subsurface soil do not 21 

exceed applicable SSLs, thus the soil-to-groundwater migration pathway for arsenic at AOC 643 22 

is considered insignificant. 23 
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Surface Soil-to-Sediment Cross Media Transport 

Table lD.lD.7 lists the analytes detected in sediment samples collected as part of the AOC 643 2 

investigation. One sediment sample was taken from the storm catch basin located approximately 3 

50 feet southwest of Building 125. The sediment samples contained deteCtable levels of all organic 4 

constituents from all major parameter groups analyzed for, including VOCs, SVOCs, pesticides, 5 

and PCBs. Similarly, parameters from all of these groups were also detected in AOC 643 soil, 6 

suggesting that the storm water catch basin that was sampled receives storm water runoff from 7 

AOC 643. It also suggests that this catch basin acts as a settling basin for solids and potential 8 

contaminants entrained in storm water flowing across the pavement, as well as surface soil media 9 

entrained in storm water from AOC 643. Additionally, the contribution to the sediment load from 10 

up gradient sources is unknown. The attribution of fractional divisions of contaminants detected 11 

in sediment to AOC 643 contaminant sources without additional data is not possible, however the 12 

soil-to-sediment migration pathway should be considered viable. The effects of storm water 13 

discharge to surface water receptors will be addressed in the Zone J RFI report. 14· 

10.10.5.3 Soil-to-Air Cross-Media Transport 15 

Table 10.10.9 lists the VOCs detected in surface soil samples collected at AOC 643, along with 16 

the corresponding soil-to-air volatilization screening criteria. Benzene and trichloroethene were 17 

detected in surface soil at A.DC 643, but did not exceed t..'1e soi1~to~air screen.ing levels. The soil- is 

to-air migration pathway is therefore considered invalid. 19 

10.10.5.4 Fate and Transport Summary 20 

Two organic constituents - dieldrin and Aroclor-1260 - were detected in soil samples at 21 

concentrations exceeding groundwater protection SSLs. Dieldrin was not detected in the surface 22 

soil but was detected in one subsurface soil sample. Since the presence of dieldrin at AOC 643 23 

is not consistent with historical activities at this site, the provenance of dieldrin at this site is 24 

unclear. Absence in surface soil and presence in the subsurface soil at concentrations five times 25 
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Table 10.10.9 
Soil to Air Volatilization Screening Analysis 
NA VBASE Charleston, Zone G: AOC 643 
Charleston, South Carolina 

Maximum 
Concentration 

in Surface 
VOCs Soil 

Benzene 3 
Trichloroethene 2 

Notes: 

Soil to 
Air Exceeds 

SSL* Units SSL 

800 UGIKG NO 
5000 UGIKG NO 

* - Soil screening levels for transfers from soil to air were obtained from USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region III Risk-Based Concentration Table, June 1996. 

NA - Not available 
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the applicable SSL argue that the soil-to-groundwater migration pathway for AOC 643 may have 

some merit, with respect to dieldrin, but limited spatial occurrence indicates that the residual mass 2 

is small. Arocior-1260 was detected in surface soil at concentrations exceeding the groundwater 

protection SSL at AOC 643. It was also detected in three subsurface soil samples, but none 4 

exceeded the applicable SSLs. The presence of Arocior-1260 at this site is consistent with 5 

historical site activities. Since the majority of exceedances detected were in two locations (limited 6 

residual mass), and the concentrations decrease with depth (no SSL exceedances in subsurface 7 

soil), the soil-to-groundwater migration pathway for Arocior-1260 is not expected to be 8 

significant. One inorganic constituent - arsenic - was detected in one surface soil location at 9 

concentrations exceeding the groundwater protection SSL. The presence of arsenic is not 10 

consistent with past activities at the site; given that it was present in every soil sample collected, II 

consideration should be given that the concentrations are within the range of ambient conditions 12 

and not attributable to site activities. The levels -of arsenic in subsurface soil do not exceed 13 

applicable SSLs, thus the soil-to-groundwater migration pathway for arsenic at AOC 643 is not 14 

expected to be significant. 15 

One sediment sample was taken from the storm catch basin located approximately 50 feet 16 

southwest of Building 125. The sediment sample contained detectable levels of all organic 17 

cop...stituents from all major parameter groups analyzed for including VOCs, SVOCs, pesticides, 18 

and PCBs. Similarly, the parameters from these groups were detected in AOC 643 soil, 19 

suggesting that the catch basin is accumulating soil particles entrained in storm water from the site; 20 

additional input may be coming from the paved areas around AOC 643 as well. The attribution 21 

of fractional divisions of contaminants detected in sediment to AOC 643 contaminant sources 22 

without additional data is not possible, but the soii-to-sediment migration pathway shouid be 23 

considered viable. 24 
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Benzene and trichloroethene were detected in surface soil at AOC 643, but did not exceed soil-to-

air volatilization screening criteria; therefore, the soil-to-air migration pathway is considered 2 

invalid. 

10.10.6 

10.10.6.1 

Human Health Risk Assessment 

Site Background and Investigative Approach 

4 

5 

AOC 643 is the electric substation at Building 125 on the north side of Hobson Avenue, near the 6 

entrance to Pier N. At one time, PCB transformers, inactive DC generators, switches, and circuit 7 

breakers were stored in a wooden shed adjacent to Building 125. A dielectric fluid spill/cleanup 8 

was documented, and stains were noted on concrete pavement in the area. 9 

During the CSI, seven first-round soil samples were collected from each the upper and lower 10 

intervals to identify potential impacts resulting fronrthe activities listed above. Five second-round II 

soil borings were advanced and samples were collected from each interval to delineate exceedances 12 

identified during the frrst sampling round. Surface soil samples from all 12 boring locations were 13 

used to quantitatively assess soil exposure pathways. Subsurface soil is addressed in the previous 14 

section, Fate and Transport Assessment for AOC 643. Fate and transport screening did not 15 

identify any COPCs for the groundwater pathways. Groundwater is not currently used at Zone G 16 

for potable purposes, nor is it expected to be used for drinking water in the future. For these 17 

reasons, the groundwater pathway was not included in the risk assessment for AOC 643. 18 

Section 10.10.3 provides a summary of the sampling effort for AOC 643 soil. 19 

10.10.6.2 cope Identification 20 

Based on the screening comparisons described in Section 7 of ihis report and presented in 21 

Table 10.10.10, benzo(a)pyrene equivalents, arsenic, chromium, vanadium, and Aroclor-1260 22 

were identified as COPCs in surface soil. 23 
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Table 10.10.10 
Chemical. Pr.sent in Site Sample. 
AOC M3 • Surface 5011 
N= .... , 8; •• Ch=;1=:t:::m, Zon. C 
Charle.ton, South Carolina 

requency nge Average Range Scr .. nlng Concentration Number 

of of Detected of Residential Exceeding 
Parameter Detection Detection Concentration SQL RBC Back round Units RBC Bk d 

Carcinogenic PAH. 
8(a)P Equiv. 7 12 4.5 1446.77 345.6771 808.65 947.51 88 NA UGIKG 4 
Benzo(a)anthracene 5 12 81 1000 326.2 350 410 880 NA UGIKG 1 
Benzo(a)pyrene 5 12 48 900 299.8 350 410 88 NA UGlKG 4 
Benzo(b)fluoranthene 7 12 45 1000 283.7143 350 410 880 NA UGIKG 1 
Benzo(k)fluoranthene 5 12 43 580 224.6 350 410 8800 NA UGIKG 
Chrys'on. 5 12 100 970 362 350 410 88000 NA UGIKG 
Dibenz(a,h)anthracene 3 12 69 290 153 350 410 88 NA UGIKG 2 
Indeno(1.2,3-cd)pyrene 5 12 38 500 174 350 410 880 NA UGIKG 

TCDD Equivalents 
1234678-HpCDD 2 2 6-44 152 ?922 No.&. N..&. N.A. NA NGIKG 
1234789-HpCDF 1 2 1.07 1.07 1.07 0.197 0.197 NA NA NGlKG 
12347S-HxCDF 2 2 1.1 16.6 8.65 NA NA NA NA NGIKG 
12378-PaCDF 2 2 0.884 19.4 10.132 NA NA NA NA NGIKG 
Dioxin Equiv. 2 2 02888 5._ 2.8869 NA NA 1000 NA NGlKG 
OCDD 2 2 69.5 1300 684.75 NA NA NA NA NGIKG 
OCDF 2 2 1.88 24.2 12.94 NA NA NA NA NGlKG 

5 5 3110 6290 4396 NA NA 7800 18700 MGIKG 
2 5 0.88 1 0.93 0.32 0.38 3.1 2.89 MGIKG 
5 5 1.2 52.7 13.82 NA NA 0.43 172 MGIKG 5 
5 5 8.2 130 34.88 NA N.A. 550 109 MGlKG 
4 5 0.2 0.37 0.3125 0.11 0.11 0.15 1.2 MGIKG 4 
5 5 0.05 0.69 0.322 NA NA 3.9 1.07 MGIKG 
5 5 651 106000 ~2 NA NA NA NA MGIKG 
5 5 4.7 52.3 18.48 NA NA 39 42.8 MGIKG 
5 5 0.48 24.6 5.842 NA NA 470 6.6 MGIKG 
4 5 5.5 38.8 21.275 0.9 0.9 27000 260 MGIKG 
1 2 0.12 0.12 0.12 0.11 0.11 160 0.38 MGlKG 
5 5 3400 6290 4740 NA NA NA NA MGlKG 
5 5 4.7 154 53.6 NA NA 400 181 MGIKG 
5 5 162 2860 1131.6 NA NA NA NA MGIKG 
5 5 7.4 184 64.92 NA NA 180 325 MGIKG 
2 5 0.09 0.14 0.115 0.04 0.04 2.3 1.03 MGlKG 
3 5 3.6 21.5 13.9667 1.4 6.7 160 20.6 MGlKG 
4 5 260 761 412.25 213 213 NA NA MGIKG 
3 5 0.47 0.88 0.62 0.32 0.34 39 1.22 MGlKG 
1 5 0.65 0.65 0.65 0.2 022 39 NA MGIKG 
2 5 266 623 444.5 96.1 277 NA NA MGlKG 
2 5 0.92 2.4 1.66 0.92 3.1 4700 9.57 MGlKG 
5 5 7.9 141 44.4 NA NA 55 60.9 MGIKG 
2 5 24.1 155 89.55 6 143 2300 519 MGIKG 

6 12 71 1700 555.1667 73 83 320 NA UGIKG 2 
2 12 4 24 14 2.6 10 2700 NA UGIKG 

12 12 3 380 79.3583 NA NA 1900 NA UGIKG 
9 12 6.8 134 58.3111 2.8 16 1900 NA UGIKG 
4 12 1.7 13 6.8 1.4 3.5 470 NA UGlKG 
2 12 5.7 8.5 7.1 2.6 3 2300 NA UGlKG 

Endnn aldehyde 1 12 120 120 120 2.6 14 2300 NA UGlKG 
amma-Chlordane 6 12 5.6 24 14.3 1-4 9.9 470 tJ ... 4. UGIKG 



Table 10.10.10 
ChemiCills Pre •• nt in Site Samples 
AOC U3 • Surface SoU 

Charleston. South Carolina 

I Fr~uency ., 
Parameter Detection 

Semivolatile Organics 

~~nlPhthene , '2 
~racene 3 '2 
Bonzo(g ,h,i)pe<yIene 5 '2 
Oi-n-butylphthola1o , '2 
DI-n-oetyI phtholalo , '2 
Fluonlnthlnl 6 '2 
Fluorene , ,2 
Phenanthrene 5 '2 
Pyrene 5 '2 

Volatile Organie.. 
Benzene , 9 
Trichloroethane , 9 
N_ . 
• • Indicates eMmal was identified as a COPC 
SQl· Sam.,.. quantitation limit 
RBC . Risk·based concentrnon 
UG/KG . micrograms per kilogram 
NGlKG • nanograms per kilogram 
MGlKG . milligrams per kilogram 
NA· Not applicable or not *vallilble 

Range ., 
Detection 

86 86 
48 200 
57 530 
40 40 
69 69 
4' '900 
66 86 

,,0 970 
,SO '300 

3 3 
2 2 

Average ... ng. Screening Concentration NUmber e._ ., Re.idential Exceeding 
Concentration SQL RBC Background Units RBc Bkgd 

86 350 4'0 470000 NA UGIKG 
106.6667 350 4'0 2300000 NA UGIKG 

'97.4 350 4'0 3'0000 NA UGIKG 
40 350 4'0 790000 NA UGIKG 
69 350 400 '90000 NA UGIKG 

546.8333 350 4'0 3,0000 NA UGlKG 
66 350 4,0 3'0000 NA UGlKG 

334 350 4'0 3'0000 NA UGIKG 
490 350 4'0 230000 NA UGlKG 

3 5 6 22000 NA UGlKG 
2 5 6 58000 NA UGIKG 
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AOC 643, an electrical substation at Building 125, is surrounded by grass and asphalt pavement. 

The sidewalk which parallels the north side of Hobson Avenue passes the site. 

Potentially Exposed Populations 

2 

4 

5 

Potentially exposed populations are current and future site workers. Additional potentially 6 

exposed populations are hypothetical future site residents. Future site resident and worker 7 

exposure scenarios is addressed quantitatively in this risk assessment. Current exposure to 8 

workers is discussed qualitatively in relation to the future workers and future residents. The 9 

hypothetical future site worker scenario assumes continuous exposure to surface soil conditions. to 

Current site workers' exposure would be less than that assumed for the hypothetical future site II 

worker scenario because of their limited soil contact. Therefore, future worker assessment is 12 

considered to be conservatively representative of current site users. The future site resident 13' 

scenario is built on the premise that existing features would be removed and replaced with 14 

dwellings. 15 

Exposure Pathways 16 

Exposure path\vays for the hypothetical future site residents are dermal contact and incidental i 7 

ingestion of surface soils. The exposure pathways for future site workers are the same as those 18 

for the future site residents with respect to soil. Uniform exposure is assumed for all sample 19 

locations. Table 10.10.11 presents the justification for exposure pathways assessed in this HHRA. 20 
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Potentially Exposed 
Population 

Current Land Uses 

Current Users (Site 
Workers) 

Future Land Uses 

Future Site Residents 
(Child and Adult), 
Future Site Worker 

Table 10.10.11 
ZoneG 

AOC 643 
Exposure Pathways Summary 

Medium and Exposure 
Pathway 

Air. Inhalation of gaseous 
contaminants emanating from 
soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

Shallow groundwater. 
Ingestion of contaminants 
during potable or general use 

Shallow groundwater, 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Soil, Incidental ingestion 

Soil, Dermal contact 

Air, Inhalation of gaseous 
contaminants emanating from 
soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general use 

Shallow groundwater, 
Inhalation of volatilized 
contaminants during domestic 
use 

Soil, Incidental ingestion 

Soil, Dermal contact 

Wild game or domestic 
animals, Ingestion of tissue 
impacted by media 
contamination 

Fruits and vegetables, 
Ingestion of plant tissues 
grown in media 

Pathway Selected for 
Evaluation? 

No 

No 

No 

No 

No (Qualified) 

No (Qualified) 

No 

No 

No 

No 

Yes 

Yes 

No 

No 
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Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Reason for Selection or Exclusion 

Fate and transport screening did not identify any 
COPCs for this indirect exposure pathway. 

This exposure pathway was considered 
insignificant compared to the other pathways. 

Shallow groundwater is not currently used as a 
source of potable or non-residential water at 
AOe 643. 

Shallow groundwater is nOl currently used as a 
source of potable or non-residential water at 
AOe 643. 

Furore site use is considered conservatively 
representative of current site use. 

Future site use is considered conservatively 
representative of current site use. 

Fate and transport screening did not identify any 
COPCs for this indirect exposure pathway. 

This exposure pathway was considered 
insignificant compared to the other pathways. 

Fate and transport screening did nOl identify any 
COPCs for this exposure pathw~y 

Volatile copes were not identified subsequent to 
risk-based screening comparisons. 

COPCs were identified subsequent to risk-based 
and background screening comparisons. 

COPCs were identified subsequent to risk-based 
and backgrou.~ screening comparisons. 

Hunting/taking of game and/or raising livestock is 
prohibited within the Charleston, South Carolina 
city limits. 

The potential for significant exposure via this 
pathway is low relative to that of other exposure 
pathways assessed. 



Exposure Point Concentrations 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Siu-Specific Evaluations 
Revision: 0 

Twelve surface soil samples were collected and analyzed for this assessment. Table 10.10.12 2 

presents the EPCs for the COPCs identified in surface soil, by using the 95 % DCL as discussed 

in Section 7 of this RFI. Because less than 10 surface soil samples were analyzed for metals, 4 

maximum reported concentrations were used as EPCs for metals. 5 

Quantification of Exposure 6 

CDIs for ingestion and dermal contact with soils are shown in Tables lO.lO.l3 and lO.lO.14, 7 

respectively. 8 

10.10.6.4 Toxicity Assessment 9 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table lO.10.15 lO 

presents toxicological information specific to each COPC identified at AOC 643. This information II 

was used in the quantification of risk/hazard associated with soil contaminants. Brief toxicological 12 

profiles for each COPC are provided in the following paragraphs: 13 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 14 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 15 

effects (Klaassen et aI., 1986). USEPA set 0.3 ,ug/kg-day as the oral RID for arsenic based on 16 

a NOAEL of 0.8 j.lg/kg-day in a human exposure study. Arsenic's effects on the nervous and 17 

cardiovascular systems are primarily associated with acute exposure to higher concentrations. 18 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhaling 19 

these materials can lead to increased lung cancer risk, and ingestion is associated with increased 20 

skin cancer rates. Arsenic has been classified as a group A carcinogen by USEPA, which set the 21 

1.5 (mg/kg-day)"1 oral SF for arsenic. As listed in IRIS, the classification is based on sufficient 22 

evidence from human data. An increased lung cancer mortality was observed in multiple human 23 

populations exposed primarily through inhalation. Also, increased mortality from multiple internal 24 
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organ cancers (liver, kidney, lung, and bladder) and an increased incidence of skin cancer were 

observed in populations consuming drinking water high in arsenic. Human milk contains about 2 

3 /i-g/L arsenic. The RBC for arsenic in tap water is 0.045 /i-g/L. As listed in IRIS, the critical 3 

effect of this chemical is hyperpigmentation, keratosis, and possible vascular complications. The 4 

uncertainty factor was 3 and the modifying factor was 1. 5 

Benzo(a)pyrene equivalents include the following list of PARs: 6 

Benzo( a )anthracene TEF 0.1 7 

Benzo(b )fluoranthene TEF 0.1 R 

Dibenz(a,h)anthracene TEF 1.0 9 

Benzo(k)fluoranthene TEF 0.01 10 

Benzo(a)pyrene TEF 1.0 II 

Indeno(1,2,3-cd)pyrene --TEF 0.1 12 

Chrysene TEF 0.001 13 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 14 

above have not been well established. There are no RIDs for the PARs listed due to a lack of 15 

data. All PARs listed are classified by USEPA as B2 carcinogens, and their carcinogenicity is 16 

addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kg-day}I . Toxicity i7 

Equivalency Factors, also set by USEPA, are multipliers that are applied to the detected 18 

concentrations, which are subsequently used to calculate excess cancer risk. These multipliers are 19 

discussed further in the exposure and toxicity assessment sections. Most carcinogenic PARs have 20 

been classified as such due to animal studies using large doses of purified PAHs. There is some 21 

doubt as to the validity of Hlese liSth'1gS, and the SFs listed in USEPA's RBC table are provisionaL 22 

However, these PARs are carcinogens when the exposure involves a mixture of other carcinogenic 23 

substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the 24 

benzo(a)pyrene B2 classification is human data, however data which specifically links 25 
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benzo(a)pyrene to a carcinogenic effect are lacking. There are, however, mUltiple animal studies 

in many species demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 2 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate for benzo(a)pyrene was verified. This 4 

section provides information on three aspects of the carcinogenic risk assessment for the agent in 5 

question. The USEPA classification and quantitative estimates of exposure, reflect a weight-of- 6 

evidence judgment of the likelihood that the agent is a human carcinogen. The quantitative risk 7 

estimates are presented in application of a low-dose extrapolation procedure and presented as the 8 

risk per mg/kg-day. The unit risk is the quantitative estimate in terms of either risk per p.g/L 9 

drinking water or risk per p.g/m3 air breathed. The third form in which risk is presented is 10 

drinking water or air concentration providing cancer risks of I in 10,000 or 1 in 1,000,000. The II 

Carcinogenicity Background Document provides-details on the carcinogenicity values found in 12 

IRIS. Users are referred to the Oral Reference Dose and Reference Concentration sections for 13 

information on long-term toxic effects other than carcinogenicity. 14 

The basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is listed in 15 

IRIS, as no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene produced 16 

tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and skin j 7 

painting. The basis for the benzo(a)anthracene B2 classification is listed in IRIS, as no human data 18 

and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice exposed 19 

by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical application. 20 

Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and transformed 21 

maullualian cells in culture. The basis for the benzo(k)fluoranu'iene B2 classification is listed in 22 

IRIS as no human data and sufficient data from animal bioassays. Benzo(k)fluoranthene produced 23 

tumors after lung implantation in mice and when administered with a promoting agent in 24 

lO.lD.53 
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skin-painting studies. Equivocal results have been found in a lung adenoma assay in mice. 

Benzo(k)fluoranthene is mutagenic in bacteria. (Klaassen, et al., 1986). 2 

Chromium exists in two stable, natural forms: Crill and CrVI. Acute exposure to chromium can 3 

result in kidney damage following oral exposure or damage to the nasal mucosa and septum 4 

following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in kidney and 5 

respiratory tract damage, as well as excess lung cancer in both animals and humans following 6 

occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). Oral RID 7 

values for Crill and CrVI are 1.0 and 5E-3 (mg/kg-day), respectively. For Crill, the RID is based 8 

on liver toxicity in the rat. For the CrVI, the RID is based on unspecified pathological changes 9 

observed in rat studies. In addition, CrVI is considered a group A carcinogen for inhalation 10 

exposures, and an inhalation SF of 42 (mg/kg-dayr' has been established for the CrVI. Vitamin II 

supplements contain approximately 0.025 mg of chromium. As listed in IRIS, no critical effects 12 

were observed for Crill. The uncertainty factor used for Crill was 100 and the modifying factor 13 

was 10. As listed in IRIS, no critical effects were observed for Cr VI. The uncertainty factor was 14 

500 and the modifying factor was 1. 15 

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260) 16 

that accumulate in fat tissue. Occupational exposure (both L""'u~alation and dennal) to PCBs causes i7 

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, 18 

rashes and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. 19 

Of the effects listed above, the liver is the primary target organ (Klaassen, et aI., 1986) 20 

(Dreisbach, et aI., 1987). USEPA classified PCB aroclors as group B2 probable human 21 

carcinogens, priJnarily based on animal data. Oral ingestion of PCBs causes liver and stomach 22 

tumors in rat studies. The cancer potency of PCB mixtures is determined using a tiered approach. 23 

The high risk and persistence tier uses an upper-bound oral slopefactor of 2.0 (mg/kg-day)"' and 24 

is appropriate for food chain exposures, sediment and soil ingestion, dust or aerosol inhalation, 25 

10.10.54 
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and dennal exposure. The low risk and persistence tier uses an upper-bound slope factor of 

0.4 (mg/kg-day)"1 and is appropriate for ingestion of water soluble congeners and inhalation of 2 

evaporated congeners. The lowest risk and persistence tier uses an upper-bound slope factor of 3 

0.07 (mg/kg-day)"1 and is appropriate for PCB congener mixtures with congeners having more 4 

than four chlorines comprising less than 112 % of the mixture. 5 

Vanadium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 6 

It is also a by-product of petroleum refIning. Vanadium is soluble in fats and oils (Klaassen 7 

et aI., 1986). Municipal water supplies contain 0.001 to 0.006 mg/L of vanadium. The target 8 

organ is unclear, and the primary focus of toxicological infonnation is inhalation of vanadium 9 

dust. Typical vitamin supplements contain approximately 0.01 mg in a daily dose. The oral RID 10 

set by USEPA is 0.007 mg/kg-day. II 

10.10.6.5 Risk Characterization 12 

Exposure to surface soil onsite was evaluated under residential and industrial (site worker) 13 

scenarios. For these scenarios, the incidental ingestion and dennal contact exposure pathways 14 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 15 

computed separately to address child and adult exposure. Tables 10.10.16 and 10.10.17 present 16 

the computed carcinoger"ic risks and/or HQs associated with t.lte iIlcidental ingestion of and dermal i7 

contact with site surface soils, respectively. 18 

Hypothetical Site Residents 19 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 643 surface 20 

soils is lE-04. The dermal pathway ILCR is 2E-OS. Arsenic was the prhuarj contributor to ILCR 21 

projections for the ingestion and dennal pathways. Aroclor-1260 and benzo(a)pyrene equivalents 22 

were secondary contributors. 23 

10.10.55 
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The ingestion HIs projected for the adult and child receptors are 0.3 and 3, respectively. The 

dennal pathway HIs were 0.06 for the adult resident receptor and 0.2 for the child resident 2 

receptor. The primary contributor to HI projections for the ingestion and dennal pathways was 3 

arsenic. Chromium and vanadium were secondary contributors. 4 

Hypothetical Site Workers 5 

Site worker ILCRs are 1E-05 for the ingestion pathway and 8E-06 for the dennal contact pathway. 6 

Arsenic and benzo(a)pyrene equivalents were primary contributors to ILCR projections for the 7 

ingestion and dennal pathways. Aroclor-1260 was a secondary contributor. 8 

Site worker HIs were 0.1 for the ingestion pathway and 0.04 for the dennal pathway. The 9 

primary contributor to HI projections for the ingestion and dennal pathways was arsenic. 10 

Chromium and vanadium were secondary contributors. 11 

COCs Identified 12 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 13 

for this site on a medium-specific basis. USEP A has established a generally acceptable risk range 14 

of 1E-04 to 1E-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, 15 

a cac was considered to be any chemical contributing to a cumulative risk level of lE-06 or i6 

greater and/or a cumulative hazard index above 1.0, and whose individual ILCR exceeds lE-06 17 

or whose hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, 18 

because a cumulative risk level of lE-04 (and individual ILCR of 1E-06) is recommended by 19 

USEPA Region IV as the trigger for establishing COCs. The COC selection method presented 20 

was used in order to provide a IUUre couJprehensive evaluation of chemicals contributing to 21 

carcinogenic risk or noncarcinogenic hazard during the remedial goal options development 22 

process. Table 10.10.18 presents the COCs identified for AOC 643 surface soil. 23 

10.10.58 
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Aroclor-1260, arsenic, and benzo(a)pyrene equivalents were identified as soil pathway COCs 2 

based on their contribution to cumulative residential ILCR projections. 3 

Arsenic, chromium, and vanadium were identified as soil pathways COCs based on their 4 

contribution to cumulative residential HI projections. 5 

Future Site Workers 6 

Arsenic and benzo(a)pyrene equivalents were identified as soil pathway COCs based on their 7 

contribution to cumulative industrial ILCR projections. 8 

No COCs were identified in AOC 643 surface soil based on contribution to cumulative industrial 9 

HI projections. 10 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this II 

discussion, residential soil RBCs and background concentrations were compared to each reported 12 

COC concentration. Arsenic was detected in 5 of 5 surface soil samples analyzed for metals at 13 

a concentration above its residential RBC (0.43 mg/kg), but only exceeded its background value 14 

(17.2 mg/kg) in 1 surface soil saInple (643SBOO9) wiHl a concentration of 52.7 mg/kg. ChrOllliunl 15 

was also detected in 5 of 5 surface soil samples, but only exceeded its residential RBC (39 mg/kg) 16 

and its background value (42.8 mg/kg) in I surface soil sample (643SBOI0) with a concentration 17 

of 52.3 mg/kg. Vanadium was detected in 5 of 5 surface soil samples, but only exceeded its 18 

residential RBC (55 mg/kg) and its background value (60.9 mg/kg) in 1 surface soil sample 19 

(643SBOO4) wiu'1 a concentration of 141 nlg/kg. Aroclor-1260 was detected in 6 of 12 surface soil 20 

samples, but only exceeded its residential RBC (320 /-lg/kg) in 2 surface soil samples (643SBOO7 21 

and 643SBOlO) with a maximum reported concentration of 1,700 /-lg/kg. Benzo(a)pyrene 22 

equivalent compounds were detected in 7 of 12 surface soil samples, but only exceeded their 23 

10.10.60 
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corresponding residential RBC (88 I-lg/kg) in 4 surface soil samples (643SB002, 643SB005, 

643SBOI0, and 643SBOI2), with a maximum reported concentration of 1,447 I-lg/kg. 

10.10.6.6 Risk Uncertainty 

2 

3 

Characterization of Exposure Setting and Identification of Exposure Pathways 4 

The potential for high bias is introduced through the exposure setting and pathway selection due 5 

to the highly conservative assumptions (i.e., future residential use) recommended by VSEPA 6 

Region IV when assessing potential future and current exposure. The exposure assumptions made 7 

in the site worker scenario are highly protective and would tend to overestimate exposure. 8 

Residential use of the site would not be expected, based on current site uses and the nature of 9 

surrounding buildings. If this area were to be used as a residential site, the surface soil conditions 10 

would likely change - the soils could be covered with landscaping soil and/or a house. II 

Consequently, exposure to surface soil conditions as represented by samples collected during the 12 

CSI would not be likely under a true future residential scenario. These factors indicate that 13 

exposure pathways assessed in this HHRA would generally overestimate the risk and hazard posed 14 

to current site workers and future site residents. 15 

Determination of Exposure Point Concentrations i6 

Exposure point concentrations were set equal to the 95% VCL for benzo(a)pyrene equivalents and 17 

Aroclor-1260. Vse of the 95% VCL represents a conservative assumption when applied as an 18 

EPC, such that it is unlikely that the 95% VCL would be exceeded by the true mean 19 

concentration. The maximum concentrations of arsenic, chromium, and vanadium were used as 20 

EPCs since less t .... ian 10 data points were conected for each of ta'iese copes. Use of maximum 21 

detected concentrations also represent conservative assumptions when applied as EPCs, and tend 22 

to overestimate risk and hazard. 23 
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Arsenic, chromium, and vanadium each exceeded their respective background value in one surface 2 

soil sample. Since their maximum reported concentrations were used as EPCs, it is unlikely that 3 

a human receptor would be chronically exposed exclusively to the maximum concentrations. The 4 

maximum detected concentrations of both arsenic and chromium were detected in samples 5 

collected from the western perimeter of the site. It is unclear whether the extent of contamination 6 

has been adequately defmed. Therefore, risk and hazard were overestimated with the use of 7 

maximum concentrations as EPCs, however, there is uncertainty related to the potential for 8 

elevated concentrations of arsenic and chromium in soil located west of the site. 9 

Quantification of Risk/Hazard 10 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is II 

great. In addition, many site-specific factors have-affected the uncertainty of this assessment that 12 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 13 

uncertainty are discussed below: 14 

A conservative screening process was used to identify COPCs for AOC 643. The potential for 15 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 16 

noncarcinogens through t..'1e use of RBCs tb.at were reduced one order of luagnitude. For 17 

carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 18 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 19 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened 20 

and eliminated from formal assessment, only beryllium and manganese were reported at a 21 

concentration near their respective RBC (e.g. within 10% of weir RBe). Both metais were 22 

actually detected at a concentration exceeding their respective RBCs, however, their maximum 23 

reported concentrations did not exceed their corresponding background concentrations. As a 24 

result, beryllium and manganese were eliminated from consideration in the risk assessment. 25 
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The oral RID used in the quantitative assessment of chromium was based on hexavalent chromium. 

Hexavalent chromium was analyzed for in duplicate samples collected at 643SB009 and 643SBOI0, 2 

but was not detected. The maximum reported concentration of chromium (52.3 mg/kg) was 3 

detected in 643SB01O. Since no hexavalent chromium was detected in the same sample, it can be 4 

assumed that chromium primarily exists at AOC 643 in the CrIII state. The oral RID for CrIll 5 

is 1. By using the RID for CrIll, the maximum reported concentration of chromium yielded 6 

hazard quotients of 0.0008 and 0.00004 for the child resident and site worker respectively; 7 

indicating hazard estimates for chromium are likely overestimated. 8 

Background-related Risk 9 

Beryllium and manganese were detected in AOC 643 surface soil at concentrations above their 10 

corresponding RBCs. They were eliminated from consideration in the risk assessment based on II 

comparison to their background values. It is not unusual for naturally occurring or background 12 

concentrations of some elements to exceed risk-based concentrations. It is the risk assessment's 13 

function to identify excess risk and/or hazard, or that which is above background levels. The 14 

following is a discussion of the residential scenario risk/hazard associated with the background 15 

concentrations of beryllium and manganese: 16 

The maximum surface soil concentration of beryllium (0.37 mg/kg) at AOe 643 equates with if 

ILCRs of 3E-06 and 4E-07 for the site resident and site worker, respectively. Hazard quotients 18 

are 0.001 and 0.00006 for the residential child and site worker, respectively. The background 19 

value for beryllium (1.2 mg/kg) results in ILCRs of 9E-06 and lE-06 for the site resident and site 20 

worker, respectively. Hazard quotients are 0.003 and 0.0002 for the residential child and site 21 

worker, respectively. 22 

The maximum surface soil concentration of manganese (184 mg/kg) for AOC 643 equates with 23 

hazard quotients of 0.1 and 0.006 for the residential child and site worker, respectively. The 24 
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background value for manganese (325 mg/kg) results in hazard quotients of 0.2 and 0.01 for the 

residential child and site worker, respectively. 

10.10.6.7 Risk Summary 

2 

3 

The risk and hazard posed by contaminants at AOC 643 were assessed for future site workers and 4 

future site residents under reasonable maximum exposure assumptions. For surface soils, the 5 

incidental ingestion and dermal contact pathways were assessed in this HHRA. Table 10.10.19 6 

presents the risk summary for each pathway/receptor group evaluated for AOC 643. 7 

Residential Scenario 8 

Residential soil pathway COCs identified for AOC 643 are arsenic, chromium, vanadium, 9 

Aroclor-1260, and benzo(a)pyrene equivalents. Figures 10.10-8 and 10.10-9 illustrates point risk 10 

and point hazard estimates for AOC 643 based- on soil exposure pathways under a future 11 

residential scenario. Table 10.10.20 summarizes the risk and hazard contribution of each COPC 12 

at each sample location. This point risk map is based on the unlikely assumption that a potential 13 

future site resident will be chronically exposed to specific points. Exposure to surface soil 14 

conditions is more likely the result of uniform exposure to the soil conditions of the entire site (or 15 

exposure unit area) rather than specific points. Risk maps supplemented by the tables are useful 16 

in that they allow the reader to visualize how chemicals driving risk estimateS are spatially 17 

distributed across the site. 18 

Nine of twelve sample locations yielded ILCRs that were greater than lE-06. Arsenic was the 19 

primary contributor to risk at 643SBOOl, 643SBOO4, 643SBOO9, and 643SB010, while it was a 20 

secondary contributor at 643SBOO7. BeIlZo(a)pyrene equivaieniS were primary contribuiors io risk 21 

at 643SB002, 643SBOO3, 643SBOO5, and 643SB012, while they were secondary contributors at 22 

643SB004, 643 SB009 , and 643SBOIO. Aroclor-1260 was a primary contributor to risk at 23 

643SBOO7, while it was a secondary contributor at 643SBOO3, 643SBOO9, 643SBOIO, and 24 

10.10.64 



T
ab

le
 1

0
.l

.l
9

 
S

um
m

ar
y 

o
f R

is
k 

an
d 

H
az

ar
d 

A
O

C
 6

43
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n,

 Z
on

e 
G

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

E
xp

os
ur

e 
H

I 
M

ed
iu

m
 

P
at

hw
ay

 
(A

du
lt

) 
S

ur
fa

ce
 S

oi
l 

In
ci

de
nt

al
 

In
ge

st
io

n 

D
er

m
al

 C
on

ta
ct

 

S
um

 o
f 

So
il 

P
at

hw
ay

s 

N
ot

es
: 

IL
C

R
 

H
I 

In
di

ca
te

s 
in

cr
em

en
ta

ll
if

et
im

.!
 c

an
ce

r 
ri

sk
 

In
di

ca
te

s 
ha

za
rd

 i
nd

ex
 

0.
3 

0.
06

 

0.
3 

H
I 

(C
hi

ld
) 

IL
C

R
 

H
I 

IL
C

R
 

(L
W

A
) 

(W
or

ke
r)

 
(W

or
ke

r)
 

3 
lE

-0
4 

0.
10

 
1E

-0
5 

0.
2 

2E
-0

5 
0.

04
 

B
E

-0
6 

3 
2E

-0
4 

0.
1 

2E
-0

5 



f ! 

:> 



o to 

to 
to 
to 

I 



Table 10.10.20 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential SCenariO' 
AOC 643 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk !E-06! % Risk 
643 001 Aroclor-1260 NO UG/KG NA NA 
643 001 Arsenic (As) 3.4 MG/KG 0.1554 77.33 8.8808 100.00 
643 001 8(a)P Equiv. NO UG/KG NA NA 
643 001 Chromium (Cr) 9.9 MG/KG 0.0272 13.51 NA 
643 001 Vanadium (V) 9.4 MG/KG 0.0184 9.16 NA 

Total 0.2010 8.8808 

"A~ nn-o AroC!Oi .. 1260 .,~ II ..... "' ..... NA NA V~W vv, I~U U\.:lI/I'\.\:I 

643 002 8!a2P Eguiv. 112.7 UG/KG NA 1.8663 100.00 
Total NA 1.8663 

643 003 Aroclor-1260 71 UG/KG NA 0.3221 25.57 
643 003 8laW Eguiv. 56.63 UG/KG NA 0.9378 74.43 

Total NA 1.2599 

643 004 Aroclor-1260 NO UG/KG NA NA 
643 004 Arsenic (As) 5.3 MG/KG 0.2423 42.95 13.8436 95.74 
643 004 8(a)P Equiv. 37.18 UG/KG NA 0.6157 4.26 
643 004 Chromium (Cr) 16.6 MG/KG 0.0455 8.07 NA 
643 004 Vanadium (V) 141 MGIKG 0.2762 48.97 NA 

Total 0.5640 14.4593 

643 005 Aroclor-1260 NO UG/KG NA NA 
643 005 8laW Eguiv. 1446.77 UG/KG NA 23.9590 100.00 

Total NA 23.9590 

643 006 Aroclor-1260 NO UG/KG NA NA 
643 006 8la2P Eguiv. NO UG/KG NA NA 

Total NA NA 

643 007 Aroclor-1260 1700 UG/KG NA 7.7130 71.10 
643 007 Arsenic (As) 1.2 MG/KG 0.0548 65.91 3.1344 28.90 
643 007 8(a)P Equiv. NO UG/KG NA NA 
643 007 Chromium (Cr) 4.7 MG/KG 0.0129 15.49 NA 
643 007 Vanadium (V) 7.9 MG/KG 0.0155 18.60 NA 

Total 0.0832 10.8474 

643 nna AiOC!Oi-12S0 110 UGiKG NA 0.4991 100.00 vvv 

643 008 8laW Eguiv. NO UG/KG NA NA 
Total NA 0.4991 

643 009 Aroclor-1260 130 UG/KG NA 0.5898 0.43 
643 009 Arsenic (As) 52.7 MG/KG 2.4088 98.04 137.6525 99.52 



Table 10.10.20 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
1:» __ .......... + .... 1 c,,_ .... __ ..:._ 
,",'IW~I"''''''.'IIIII ............. 11..., 

AOC 643 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk IE-06! % Risk 
643 009 B(a)P Equiv. 4.5 UG/KG NA 0.0745 0.05 
643 009 Chromium (Cr) 8.8 MG/KG 0.0241 0.98 NA 
643 009 Vanadium ~ 12.2 MG/KG 0.0239 0.97 NA 

Total 2.4568 138.3168 

643 010 Aroclor-1260 1170 UG/KG NA 5.3084 17.88 
643 010 Arsenic (As) 6.5 MG/KG 0.2971 54.87 16.9780 57.19 

"'"l n.n D/ .... \O C ..... iH .... "7 n~ 1'1"''''_ ... 7.4Q30 24.93 v~v V.V IJ\ClJI .... "'1"'''''''. ..,.." .uw U\.:I'/n.\o:I "'" 643 010 Chromium (Cr) 52.3 MGIKG 0.1434 26.49 NA 
643 010 Vanadium~ 51.5 MG/KG 0.1009 18.63 NA 

Total 0.5414 29.6893 

643 Oil ArocJor-1260 NO UG/KG NA NA 
643 Oil B!a~P Eguiv. NO UG/KG NA NA 

Total NA NA 

643 012 Aroclor-1260 150 UG/KG NA 0.6806 11.54 
643 012 B!a~P Eguiv. 314.93 UGIKG NA 5.2153 88.46 

Total NA 5.8959 
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643SB012. Risk estimates at AOC 643 ranged from 5E-07 (643SB008) to IE-04 (643SB009), 

with a mean risk estimate of 2E-05. 2 

Arsenic was the primary contributor to the hazard estimate at the only location at AOC 643 that 3 

yielded a hazard index above unity (643SB009). Chromium and vanadium were secondary 4 

contributors. Hazard index estimates ranged from 0.08 (643SB007) to 2 (643SB009), with a 5 

mean hazard estimate of 0.3. 6 

Site Worker Scenario 7 

Industrial soil pathway COCs identified for AOC 643 are arsenic and benzo(a)pyrene equivalents. 8 

Figure 10.10-10 illustrates point risk estimates for AOC 643 based on soil exposure pathways 9 

under a future industrial scenario. Table 10.10.21 summarizes the risk and hazard contribution to 

of each COC at each sample location. 11 

Six of twelve sample locations yielded an ILCR greater than IE-06 (643SBOOI, 643SB004, 12 

643SB005, 643SBOO9, 643SBOIO, and 643SBOI2). Arsenic and benzo(a)pyrene equivalents were 13 

the sole contributors to ILCR projections for the industrial scenario at AOC 643. Risk estimates 14 

ranged from 2E-07 (643SB003) to 2E-05 (643SB009), with a mean risk estimate of 3E-06. 15 

Arsenic was the sole contributor to hazard estimates for the industrial scenario at AOC 643; 16 

however, hazard indices did not exceed unity at any location. Hazard index estimates ranged from 17 

0.003 (643SB007) to 0.1 (643SB009), with a mean hazard estimate of 0.01. 

111\. lIn r 0 
.lU.J.U.U.O ReJuedial Goal Options 

18 

19 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 20 

Table 10.10.22 for surface soils. Hazard-based RGOs were calculated based on the hypothetical 21 

child resident, as noted in the table. 22 
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Table 10.1.21 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
industriai Scenario 
AOC 643 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk !E-061 % Risk 
643 001 Arsenic (As) 3.4 MG/KG 0.0078 100 1.2563 100 
643 001 B(aIP Eguiv. NO UG/KG NA NA 

Total 0.0078 1.2563 

643 002 B(aIP Eguiv. 112.7 UG/KG NA 0.3795 100 
Total NA 0.3795 

643 003 BialP Eguiv. p,", I!'lo'" UG/KG .,. n "cn7 inn ;lO.Ool .. ,.. \,I.''''VI 'w 
Total NA 0.1907 

643 004 Arsenic (As) 5.3 MG/KG 0.0122 100 1.9584 93.99 
643 004 B(aIP Eguiv. 37.18 UG/KG NA 0.1252 6.01 

Total 0.0122 2.0836 

643 005 B!aIP Eguiv. 1446.77 UG/KG NA 4.8715 100 
Total NA 4.8715 

643 006 B(aIP Eguiv. NO UG/KG NA NA 
Total NA NA 

643 007 Arsenic (As) 1.2 MG/KG 0.0028 100 0.4434 100 
643 007 B(aIP Eguiv. NO UG/KG NA NA 

Total 0.0028 0.4434 

643 008 B!aIP Eguiv. NO UG/KG NA NA 
Total NA NA 

643 009 Arsenic (As) 52.7 MG/KG 0.1212 100 19.4730 99.92 
643 009 BfalP Eauiv. 4.5 UG/KG NA 0.0152 0.08 

Total 0.1212 19.4882 

643 010 Arsenic (As) 6.5 MG/KG 0.0149 100 2.4018 61.47 
643 010 B(aIP Eguiv. 447.03 UGIKG NA 1.5052 38.53 

Total 0.0149 3.9070 

643 011 B(aIP Eguiv. NO UG/KG NA NA 
Total NA NA 

643 012 B(aIP Eguiv. 314.93 UG/KG NA 1.0604 100 
Total NA 1.0604 
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Based on the analytical results and the human health risk assessment for AOC 643, COCs 2 

requiring further evaluation through the CMS process have been identified for surface soil. The 3 

site is currently in an urban area and risk to human health was evaluated under both the residential 4 

and industrial (site worker) scenarios. For these scenarios, the incidental ingestion and dermal 5 

contact exposure pathways were evaluated. Hazard was evaluated or noncarcinogenic 6 

contaminants through incidental ingestion and dermal contact scenarios as well. 7 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 8 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1.0, and whose 9 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 10 

Arocior-1260, arsenic, BEQs, chromium, and vanadium were identified as soil pathway COCs for II 

AOC 643. Table 10.10.23 presents cumulative and COC-specific exposure risks and hazard 12 

quotients. Risk-based remedial goals for surface soil are presented in Table 10.10.22. 13 

To determine the leaching potential of contaminants from the subsurface soil media to 14 

groundwater, contaminant concentrations in subsurface soil were compared against generic SSLs 15 

based on a DAF of 20. This comparison indicated three conta..'llinants exceeding SSLs. These 16 

contaminants were Arocior-1260, arsenic, and dieldrin. Arocior-1260 was detected in two 17 

samples at concentrations (1,170 and 1,700 J.lg/kg) above the SSL of 1,000 J.lg/kg. Arsenic was 18 

detected in one sample at a concentration (52.7 J.lg/kg) above the SSL of 29 J.lg/kg. Dieldrin was 19 

detected in one sample at a concentration (22 J.lg/kg) above the SSL of 4 J.lg/kg. For more 20 

information regarding indirect exposure pau'iways associated with subsurface soil refer to 21 

Section 10.10.5, Fate and Transport Assessment for AOC 643. Potential corrective measures for 22 

soil are presented in Table 10.10.24. 23 
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Chemical 

Soil 

Aroclor·1260 

Arsenic 

BEQ, 

Chromium 

Vanadium 

Cumulative 

NOle: 

Table 10.10.23 
Zone G 

AOC 643 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 -Site-Spec~1c Evaluations 
Revision: 0 

Cumulative and ChemicaI·Spedfic Exposure Risks and Hazard 

Risk Hazard 

Industrial Residential Industrial Residential 

9.8E.()7 4.8E-{)6 NO NO 

2.0E-05 1.3E-04 O,i2i 2.4i 

2.IE.Q6 1.0E'{)S NO NO 

NO NO 0.007 0.14 

NO ND 0.014 0.28 

2.3E'()S l.SE.()4 0.142 2.83 

NO = Not determined 

Medium 

Soil 

Table 10.10.24 
Zone G 

AOC643 
Potential Corrective Measures 

Compounds Potential Corrective Measures 

Aroclor-1260. Arsenic, BEQs. a) No action 
Chromium. Dieldrin. and Var.adium b) E~c.avare. cffsite disposal. ~nd mcnitnri"'''g 

c) Containment/capping 
d) Ex·siru physical treatment 
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10.11 SWMU 3, Pesticide Mixing Area 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spu~fic Evaluations 
Revision: 0 

A RFI site, SWMU 3 is an approximately 50 by 30 foot area where the fonner Building 42-A was 2 

located. The building was a shed where pesticides were mixed prior to 1971. Equipment for 3 

spraying and mixing pesticides was reportedly rinsed on the ground outside, with the rinsate 4 

allowed to infiltrate the soil. During the 1982 ConfIrmation Study (Geraghty and Miller, 1982), 5 

a portion of the area surrounding the slab for Building 42-A was also noted to be devoid of 6 

vegetation. This once devoid area is now covered with grass. The northwest wall of Building 249 7 

was constructed later over a portion of the area concerned. Soil and groundwater samples 8 

collected during the Confirmation Study revealed the presence of low concentrations of various 9 

pesticides and associated degradation products, consistent with the types of pesticides documented to 

as being used there. Pesticides detected included DDT and metabolites, heptachlor, and beta/delta 11 

BHC. Groundwater sample results were below detection limits for pesticides, herbicides, PCBs 12 

and arsenic. 13 

10.11.1 Site Geology and Hydrogeology 14 

Figure 10.11-1 depicts the soil and groundwater sampling locations within this area. Appendix 15 

A contains the boring logs and the monitoring well construction diagrams for the three wells 16 

installed at SWMU 3. Based on the monitoring well borings advanced at the site, the stratigraphy 17 

at SM.1U 3 generally cop..sists of alternating silty. sandy clay, and clayey, silty sand, to a depth 18 

of 15 ft bgs. SWMU 3 monitoring wells are screened from approximately 4 to 14 ft bgs primarily 19 

in silty sand containing trace amounts of clay. The sand in which the wells are completed exhibits 20 

a grain size distribution of approximately 85 % sand,S % silt and 10% clay. 21 

The ~loundwater elevation at S~~1VTnJ 3 is approxi...T&3tely 5.5 ft 111S1. Figures 10.11-2 and 10.11-3 22 

depict the shallow groundwater potentiometric surface and inferred flow direction at low and high- 23 

tide respectively. Minor differences in the static water levels and the overall flow pattern were 24 
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Secfion 10 - Site-SpecLfic Eva[u!ltia!1..s 
Revision: 0 

observed at the site between high and low-tide. No slug tests were perfonned on the SWMU 3 

wells. However, hydraulic conductivity was measured in nearby shallow well GDGOOI at 2 

1.4 ft/day. The mean horizontal hydraulic gradient, based on Figure 10.11-2 is 3.6E-02 to the 3 

north, and 3.3E-02 to the north-northwest based on Figure 10.11-3. Shallow groundwater at 4 

SWMU 3 flows generally to the north, an approximate horizontal flow velocity of 1.2 ft/day. 5 

IO.ll.2 Field Investigation Approach 6 

The objective of the field investigation at SWMU 3 was to: (1) confinn the presence or absence 7 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 8 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 9 

the investigation area included soil and groundwater. Section 3 of this report details the methods 10 

used during the field investigation. Included in this section are descriptions of the hollow stem II 

auger drilling procedures used for shallow well installation; the hand-auger procedures used for 12 

soil sampling; groundwater sampling procedures; and miscellaneous procedures used during the 13 

field investigation. Also discussed in this section are the analytical protocols for sample analyses. 14 

Appendix D contains the analytical data report for samples collected in Zone G. 15 

IO.ll.3 Soil Sampling and Analysis 16 

The approved fmal RH work plan proposed advancing ten soil borings wit.hin the SWMU 3 area !7 

to detect the presence of any soil contamination from this site. Upper and lower interval soil 18 

samples were proposed from each boring. During the field investigation, ten soil borings were 19 

advanced within the site area (Figure 10.11-1). Nine borings included both upper and lower 20 

sampling intervals, while one boring included the upper interval only. The lower interval sample 21 

was not collected from one boring due to obsLnlctions in the borehole. In accordance with the 22 

approved final RFI work plan, the SWMU 3 soil samples were analyzed for metals, and 23 

pesticides/PCBs at DQO Level ill. All samples were also analyzed for OP-pesticides. Several 24 

samples were analyzed for cyanide and pH. Upper and lower interval samples from one boring 25 
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Section 10 - Site-Spectfic EvalU!ltio1'.s 
Revision: 0 

were also analyzed for SVOCs. Additionally, one upper interval duplicate soil sample was 

collected for Appendix IX parameter analyses at DQO Level IV. Table 10.11.1 summarizes the 2 

SWMU 3 soil samples and analyses. 3 

Boring 
Location 

003SBOOI 

0035BOO2 

003SBOO3 

00350004 

OO3SBOOS 

003SBOO6 

003SB007 

0035B008 

003SBOO9 

003SBOIO 

Notes: 

Sample 
Identifier 

003SBOOI01 
003SBOOI02 

003SB00201 
003S000202 

003SB()()301 
003SB00302 

003SB00401 
0035B00402 

OO3SBOOSOI 
OO3SB00S02 

003SBOO601 
003SBOO602 

003SBOO7QI 
oo3CliOO701* 

003SB00801 
003SBOO802 

003SB00901 
003SB00902 

003SB01001 
003SB9'Q!l7 

Table lo.t1.1 
ZoneG 

SWMU3 
SOU Samples and Analyses 

Sample Date 
Interval CoUected Analyses 

Upper 8/29196 Note IIcyanide, 
Lower SVOCS 

Upper 8128/96 Note lIcyanide. pH 
Lower 

Upper 8128196 Note Ifcyanide. pH 
Lower 

Upper 9126/96 Note 1 
Lower 

Upper 9126196 Note I 
Lower 

Upper 9/26196 Note 1 
Lower 

Upper 10108196 Note I 
Note 2 

Upper 9126/96 Note 1 
Lower 

Upper 9126196 Note 1 
Lower 

Upper 9/26196 Note 1 
lower 

SW-846 (metals. pesticides/PCBs. OP pesticides) at DQO Level m 

Remarks 

Pesticides, OP Pesticides 
collected 11112196 

Pesticides. OP Pesticides 
collected 11/12/96 

Pesticides-. OP -Pesticides 
coIiected L II i2/96 

OP Pesticides collected 
11112/96 

OP-Pesticides. collected 
11112196 

OP Pesticides collected 
11112/96 

Lower mte:rval.-IKJt 8aIIlpied 
due to obstruction~ OP 
pesticides no, COllected 
"Duplicate Sample 

OP Pesticides collected 
1 iii2i96 

OP Pesticides collected 
11112196 

OP Pesticides collected 
I Jl12/26 

I 
2 .A.ppentiix IX suite:: SW-846 (metals, pesticideslPCBs. herbicides. OP pe...~ides. dioxins. SVOCs. VOCs); cya. .. .ide; hex=ehrome ;.t DQO 

• 
levellY 
Duplicate Sample 
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10.11.3.1 Nature of Contamination in Soil 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spec~'ic Evaluations 
Revision: 0 

Organic compound analytical results for soil are summarized in Table 10.11.2. Inorganic 2 

analytical results for soil are summarized in Table 10.11.3. Table 10.11.4 summarizes all analytes 3 

detected in soil at SWMU 3. Appendix D contains a complete analytical data report for all Zone 4 

G samples collected. 5 

Voiatiie Organic Compounds in Soli 6 

One VOC, acrolein, was detected in the duplicate sample in SWMU 3 surface soil, at a 7 

concentration far below its respective RBC. No subsurface soil samples were analyzed for VOCs. 8 

Semivolatile Organic Compounds in Soil 9 

One SVOC, butylbenzylphthalate, was detected at one location in SWMU 3 surface soil, at a 10 

concentration far below its respective RBC. No SVOCs were detected in SWMU 3 subsurface 11 

soils. 12 

Pesticides and PCBs in Soil 13 

Nine pesticides were detected in surface soil samples at SWMU 3. Alpha-chlordane, gamma- 14 

chlordane, 4,4' -DOE, and heptachlor exceeded their respective RBCs in surface soil samples at 15 

this SWMU. Figures 10.11-4 through 10.11-7 present alpha-chlordane, gamma-chlordane, 16 

4,4'-DDE , and heptachlor concentrations detected in surface soil at SWMU 3 respectively. In 17 

surface soil sample 003SBOO3, Aroclor-1248 was detected at a concentration above its RBC. 18 

Figure 10.11-8 presents Aroclor-1248 concentrations detected in surface soil at SWMU 3. 19 

Six pesticides were detected LI1 subsurface soil sa.tnples at SWMU 3. No pesticide concentrations 20 

in subsurface soil exceeded their respective SSL. No PCBs were detected in surface soil samples. 21 
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Other Organic Compounds in Soil 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Dioxin (2,3,7,8-TCDD TEQ) was detected in one surface soil duplicate sample below the RBC 2 

for this parameter. 3 

~~~ 4 

Soil pH was tested in two surface and two subsurface soil samples at SWMU 3. The mean pH for 5 

both surface and subsurface soil samples were slightly above neutral. 6 

Inorganic Elements in Soil 7 

Twenty-one metals and cyanide were detected in surface soil. Iron and manganese were detected 8 

above their RBCs in surface soil. The concentration of manganese also exceeded its Zone G 9 

background concentration. No background was established for iron because it is considered an 10 

essential nutrient. Figure 10.11-9 presents manganese surface soil concentrations at SWMU 3. 11 

In subsurface soil, 21 metals and cyanide were detected at SWMU 3. None of the subsurface 12 

metals concentrations exceeded their respective SSLs and background concentrations for Zone G 13 

subsurface soil. 14 

10.11.4 Groundwater Sampling and Analysis 15 

The approved final RFI work plan called for the insta!!ation and slLmp!ing of three shallow 16 

monitoring wells within the SWMU 3 area to: (1) assess groundwater quality, and (2) identify 17 

contaminants which may be migrating from the site in the shallow aquifer. Three wells were 18 

installed during the field investigation. These wells were installed at approximately 12 ft bgs in 19 

the upper sand layer of the Wando Formation. In accordance with the approved final RFI work 20 

groundwater samples were also analyzed for OP-pesticides. Additionally, one duplicate 22 

groundwater sample was collected for Appendix IX parameter analyses at DQO Level IV. 23 

Table 10.11.5 summarizes groundwater sampling and analyses at these sites. 24 

10.11.29 
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Table 10.11.5 
ZooeG 

ZoM G RCRA Facility Investigation Repon 
NA VBASE CharlesTon 

Section 10 ~ Site-Specific Evaluations 
Revision: 0 

SWMU3 
Groundwater Samples and Analyses 

WeD Nwnber WeUDepth Sample Identifier Date Sampled Analyses Remarks 

003001 

003002 

003003 

Note: 
1 
2 

• 

Shallow 00300101 

Shallow 00300201* 

Shallow 00300301 

SW-846 (metals. pesticides/PCBs, OP pesticides) at DQO Level m 

1lI:W96 

11121/96 

11121196 

Note) 

Note 112* 

Note J 

*Duplicate sample 
collected 

AppeOOlx IX suite: SW-846 (metals, pesticidesIPCBs. herbicides. OP pesticides. dioxins, SVOCs. VOCs); cyanide; hex-chrome at DQO 
levellY 
Duplicate sample collected 

10.11.4.1 Nature of Contamination in Groundwater 

Inorganic analytical results for groundwater are summarized in Table 10.11.6. Table 10.11.7 2 

summarizes all analytes detected in groundwater at SWMU 3. Appendix D contains a complete 3 

analytical data report for all Zone G samples collected. 4 

Volatile Organic Compounds in Groundwater 5 

No VOCs were detected in the SWMU 3 duplicate groundwater sample. 6 

Semivolatile Organic Compounds in Groundwater 7 

No SVOCs were detected in the SWMU 3 duplicate groundwater sample. 8 

Pesticides and PCBs in Groundwater 9 

No pesticides or PCBs were detected in SWMU 3 groundwater samples. 10 

10.11.31 
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Other Organic Compounds in Groundwater 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Si!e-Spec~'ic EvaluatiorJS 
Revision: 0 

No dioxins were detected in the SWMU 3 duplicate groundwater sample. 2 

Inorganic Elements in Groundwater 3 

Eighteen metals were detected in SWMU 3 groundwater samples. Aluminum, beryllium, 4 

chromium, thallium, and vanadium were detected at concentrations exceeding the greater of their 5 

respective tap water RBCs and background concentrations for Zone G shallow groundwater. Iron 6 

also exceeded its RBC, however no background was determined for the essential nutrient iron. 7 

Figures 10.11-10 through 10.11-14 present aluminum, beryllium, chromium, thallium, and 8 

vanadium concentrations detected in shallow groundwater, respectively. 9 

10.11.5 Fate and Transport Assessment 10 

A RFI site, SWMU 3 is and approximately 50- by 20-foot area where the former Building 42-A 11 

was located. The building was a shed where pesticides were mixed prior to 1971. Equipment for 12 

spraying and mixing pesticides was reportedly rinsed on the ground outside, with the rinsate 13 

allowed to infiltrate the soil. Enviromnental media sampled as part of the SWMU 3 investigation 14 

included surface soil, subsurface soil, and shallow groundwater. Potential constituent migration 15 

pathways investigated for SWMU 3 include soil-lo-groundwater, groundwater-to-surface water, 16 

and emission of volatiles from surface soil-to-air. !7 

10.11.5.1 Soil-to-Groundwater Cross-Media Transport 18 

Table 10.11.8 compares maximum detected organic constituent concentration in surface soil and 19 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 20 

For inorga!lics, !TIa.XL,1!lU-'11 CO!lCentratiofl..s in soil a...re compared to t..lJ.e greater of (a) risk-based soil 21 

screening levels, or (b) background concentrations. To provide a conservative screen, generic soil 22 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20: 1, 23 

with no attenuation of constituents in soil (DAF=20). 24 

10.11.37 
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Table 10.11.8 
Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations 
NA VBASE Charleston, Zone 0: SWMU 3 
Charleston, South Carolina 

I Max. Concentration I Max. Concentration I Screening Concentration -
Soil to Saltwater 

Ground· Surface 
Water Water 

Surface Subsurface Shallow Deep 
Parameter Soil Soil OW OW 

OW Tap Water Surf. Wtr. 
SSL RBC Chronic 

Soil Water Leaching Migration Migration 
Units Units Potential Concern Concern 

Volatile Organic Compounds 
jAcrolein 

Semivolatile Organic Compounds 
Butylbenzylphthalate 

PestitidellPCB Compounds 
Aroclor·1248 

Ipha·Chlordane 
gamma·Chlordane 
~.4·-DDD 
~.4·-DDE 
~.4·-DDT 
Dieldrin 
Endrin 
Heptachlor 
Heptachlor epoxide 

Dioxin Compounds 
Dioxin (TCDD TEQ) 

Inorganic Compounds 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 
Copper 

Fyanide 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Thallium 
Vanadium 

fmc 

Notes: 
• Screening Concentrations: 

2 

930 

28000 
16000 
22000 

420 
2600 

570 
12 

540 
520 
5.9 

0.2113 

8000 
0.34 

3.6 
65 

0.67 
0.38 
12.9 
9.2 

28.7 
0.28 
114 
341 

0.27 
7 

0.56 
ND 

15.8 
64.3 

NA 

ND 

NO 
85 

110 
ND 
160 
250 
NO 
ND 

9 
15 

NA 

9840 
0.39 
44 

40.2 
0.64 
0.22 

28 
2.5 

41.5 
NO 
36.9 
196 

0.04 
2.3 

0.43 
NO 
J2 

126

1 

NA 

NA 

ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 

NA 

15200 
ND 
9.7 

77.1 
1.1 

ND 
31.6 
6.6 
6.8 
NA 
12.5 
544 
NO 
10.7 

6 
3.5 

46.7 
ND 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NAI 

2940 

930000 

1000 
10000 
10000 
16000 
54000 

32000 
4 

1000 
23000 

700 

1900 

1000000 
5 

29 
1600 

63 
8 

1000000 
2000 

920 
40 

400 
1100 

2.1 
130 

5 
0.95 

6000 
12000 

730 

7300 

0.034 
0.19 
0.19 
0.28 
02 
0.2 

0.0042 
II 

0.0023 
0.0012 

0.45 

37000 
15 

17.8 
2600 
0.016 

18 
180 

2200 
Iloooo 

730 
15 

2906 
II 

730 
180 
2.9 

260 
11000 

0.55 UGlKG 

29.4 UGlKO 

0.03 UGJ1(O 

0.004 UGI1CO 

0.004 UGIKO 

0.025 UOIKO 

0.14 VGlKG 

0.001 UGlKG 

0.0019 UGlKG 

0.0023 UGlKG 

0.0036 UGlKO 

0.0036 UGJ1(O 

10 HOIKO 

NA MG:'KG 

NA MGlKO 

36 MGI1CG 

NA MGI1CG 

NA MOIKO 

9.3 MGlKO 

50 MGlKG 

NA MGlKG 

8.33 MGlKG 

3.8 MGlKG 

8.5 MGlKO 

NA MGlKO 

0.025 MGI1CO 

21.7 MGlKG 

71 MGIKG 

21.3 MGlKO 

NA MGlKG 

861 MOIKO 

UGIL 

UGIL 

UGIL 

UGIL 

UGIL 

UGIL 

UGIL 

UGIL 

UGIL 

uGIL 

UGIL 

PGIL 

VG!t 

UGIL 

UGIL 

UGIL 

UGIL 

UGIL 

UGIL 

UGIL 
UGIL 

UGIL 

UGIL 

UGIL 

UGIL 
UGIL 

UGIL 

UGIL 

UGIL 

UGILI 

Soil to OW M Generic SSLs based on OAF = 20, from 1996 Soil Screening Guidance or calculated using values from Table 6.4 
Tap Water RBC • From EPA Region III RiskMBased Concentration Table, October 22. 1997 

NO 

NO 

YES 
YES 
YES 
NO 
NO 
NO 

YES 
NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 

YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
NO 
NO 

NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

Salt Water Surface Water Chronic M From EPA Supplemental Guidance to RAGS: Region IV Bulletins, Ecological Risk Assessment, November, 1995; Table 2 
For inorganics, the value shown is the greater of the relevant screening value or the corresponding background value. 

NA· Not availableINot applicable 
ND M Not detected 
RBC M Risk based concentration 
SSL M Soil screening level 
MGIKG M Milligrams per kilogram 
NGIKG M Nanograms per kilogram 
PGIL· Picograms per liter 
UGIKG • Micrograms per kilogram 
UGIL M Micrograms per liter 
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Four organic constituents were detected in SWMU 3 surface or subsurface soil at concentrations 

exceeding groundwater protection SSLs. Specifically, Aroclor-1248, alpha-chlordane, ganuna- 2 

chlordane, and dieldrin were found to exceed these screening levels at this SWMU. None of these 3 

four organic compounds exceeded SSLs in the subsurface soil or were detected in shallow 4 

groundwater suggesting that the distribution of these organic compounds at SWMU 3 is consistent 5 

with typical chemical behavior for pesticides and PCBs in soils. This distribution is demonstrated 6 

by a marked attenuation with depth as constituents adsorb readily to organic carbon sites and soil 7 

media. It should also be noted that Aroclor-1248. ganuna-chlordane, and alpha-chlordane 8 

exceeded the SSLs at only one location, 003SBOO3, which is located northwest and directly 9 

adjacent to Building 249 in a gravel area. Aroclor-1248 was detected only at this location where 10 

it exceeded its SSL. Dieldrin was detected at two of ten sampling locations, 003SBOO7 3.65 ug/kg 11 

and 003SB009 (12.0 ug/kg) in the surface soil and exceeded the SSLs in both samples. 12 

Gamma-chlordane was detected in 6 of the surface soil samples and 3 of the subsurface samples, 13 

but exceeded the SSL at only one surface soil location 003SBOO3. Alpha-chlordane was detected 14 

in 5 of the surface soil samples and 3 of the subsurface samples, and exceeded the SSL at 15 

003SBOO3. All four organic compounds were present at concentrations which significantly 16 

exceeded their respective SSLs in surface soil but were not detected or present at significantly 17 

reduced concentrations in the subsurface soil. 18 

With the exception of Aroclor-1248, organic compounds exceeding SSLs at SWMU 3 are 19 

consistent with the historical use of this site. The site surface around the SWMU is grass and 20 

gravel thus allowing precipitation to readily infiltrate and transport these compounds downward 21 

into the subsurface soils with no apparent limit to leaching potential. Evidence from the sampling 22 

results. however, indicate that these orga!1ic cO!'I..stitu.ents have been effectively L1!' .... r.nohilized ,vim 23 

depth as the contaminants adsorb to organic carbon sites and soil media. As a result of the 24 

adsorption to the soil media, and as demonstrated in the analytical data. concentrations decrease 25 

significantly with depth, and these compounds are not detected in shallow groundwater. The 26 

10.11.44 
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majority of organic exceedances detected were at location 003SBOO3 in the surface soils, indicating 

a limited residual mass present in surface soil. Assuming stabilization between soil and 2 

groundwater media, the soil-to-groundwater pathway for organics is not expected to be significant, 3 

as evidenced by no exceedances in subsurface soil and no detections in shallow groundwater. 4 

No inorganic constituents were detected in SWMU 3 surface or subsurface soil at concentrations 5 

exceeding groundwater protection SSLs. Therefore, even though a number of metals were 6 

detected in surface and subsurface soil above analytical detection limits, their leachability to 7 

groundwater is expected to be insignificant. 8 

10.11.5.2 Soil-to-Air Cross-Media Transport 9 

Table 10.11.9 lists the VOCs detected in surface soil samples collected at SWMU 3, along with to 

the corresponding soil-to-air volatilization criteria. Acrolein was detected in the surface soil II 

samples collected at SWMU 3. No corresponding soil-to-air volatilization screening level is 12 

available for this compound. Because the ground surface is unpaved, this pathway may have 13 

merit, however the significance of this pathway is not evaluated due to a lack of soil-to-air 14 

screening value. 15 

10.11.5.3 Groundwater-to-Surface Water Cross-Media Transport 16 

Table 10.11.8 compares maximum detected organic constituent concentrations in shallow 17 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 18 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 19 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 20 

greater of (a) risk-based drinking water concentrations, or (b) background concentrations for 21 

groundwater, as well as to the saltwater surface water chronic values. To provide a conservative 22 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison to 23 

the relevant standards. 24 

10.11.45 



Table 10.11.9 
Soil-to-Air Volatilization Screening Analysis 
NA YBASE Charleston. Zone G: SWMU 3 
Charleston, South Carolina 

Maximum 
Concentration 

in Surface 
VOCs Soil 

[Acrolein 2 

Notes: 

Soil to 
Air Exceeds 

SSL* Units SSL 

NA UGIKG NO 

• - Soil screening levels for transfers from soil to air were obtained from USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region III Risk-Based Concentration Table, June 1996. 

NA - Not available 
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Three quarters of sampling data were reviewed for the three shallow groundwater monitoring wells 

at SWMU 3. Two inorganics, beryllium and thallium, were found to exceed the groundwater risk- 2 

based migration screening levels, and lead exceeded the surface water screening criteria. 3 

Beryllium was detected at concentrations above the RBC at all three sampling locations but was 4 

not detected in the shallow groundwater in any of the three wells during the third quarter. 5 

Thallium also was detected above the RBC in all three wells during the first-quarter sampling, but 6 

was not detected in the second or third quarter shallow groundwater samples in any of the three 7 

wells. Lead was also detected in all three samples in the first-quarter sampling event, but was 8 

above the surface water screening level in only one well (003003). Lead was not detected in any 9 

of the wells during the second or third quarter sampling events. Well location 003003 consistently 10 

exhibited elevated levels of inorganic contaminants in the shallow groundwater during the 11 

first-quarter. 12 

The second and third quarter sampling results for the SWMU 3 monitoring wells invalidate the 13 

drinking water and surface water migration pathways for this site. The groundwater in the 14 

surficial aquifer is not currently utilized for consumption, nor is it anticipated to be utilized in the 15 

future, thus invalidating even further the risk-based exposure pathway. The groundwater-to- 16 

surface water pathway can also be considered invalid due to the distance and direction of the 17 

nearest snrface water receptor (Cooper Fiver), approxLrnately 1200 feet to the nort..heast. 18 

10.11.5.4 Fate and Transport Summary 19 

No inorganic constituents were detected above applicable SSLs in either surface or subsurface soil. 20 

Four organic constituents (Aroclor-1248, garnma-chlordane, alpha-chlordane, and dieldrin) were 21 

present above respective SSLs in surface soil, but none \-vere above SSLs in subsurface soil or 22 

were detected in the shallow groundwater at the site. With the exception of Aroclor-1248, the 23 

other organic constituents detected in soil are consistent with the historical use of the site as a 24 

pesticide storage and mixing facility. The source of Aroclor-1248 is unknown since PCBs were 25 

10.11.47 
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not reported to be handled or stored at this facility. The majority of exceedances in the soil are 

isolated to one location, indicating a limited residual mass present in surface soil. No exceedances 2 

of these organics in the subsurface soil, and no detection of any of these constituents in the shallow 3 

groundwater indicate that the soil-to-groundwater pathway is invalid for this site. Three inorganic 4 

constituents were detected in the shallow groundwater. Beryllium and thallium exceeded the risk- 5 

based migration screening, and lead exceeded the surface water screening. The second and third 6 

quarter results show no detection of these inorganics in the shallow groundwater, thus invalidating 7 

the risk-based migration pathway as well as the surface water migration pathway. Further, even 8 

if contaminants continued to be present at concentrations above applicable screening levels, the 9 

risk-based pathway is invalid due to non-use of the resource, and the groundwater-to-surface water 10 

migration pathway is invalid due to the direction and distance to the nearest surface water 11 

receptor, the Cooper River, is 1200 feet to the northeast of SWMU 3. 12 

10.11.6 Human Health Risk Assessment 13 

10.11.6.1 Site Background and Investigative Approach 14 

SWMU 3 consists of the former location of the former Building 42-A, a shed where pesticides 15 

were mixed prior to 1971. Building 249 has been used as a maintenance shop, a storage area, and 16 

is currently leased to a refrigeration service company. 17 

During the RFI, ten soil samples were collected from each of the upper and nine soil samples were 18 

collected from lower intervals to identify potential impacts resulting from the activities listed 19 

above. Surface soil samples from all ten boring locations were used to quantitatively assess soil 20 

exposure pathways. Subsurface soil is addressed in the previous section, Fate and Transport 21 

from the fIrst-quarter sampling event were used to quantitatively assess groundwater exposure 23 

pathways. Sections 10.11.3 and 10.11.4 provide summaries of the sampling effort for SWMU 3 24 

soil and groundwater, respectively. 25 
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Soil 2 

Based on the screening comparisons described in Section 7 of this RFI and presented in 3 

Table 10.11.10, manganese, Aroclor-1248, 4,4'-DDE, alpha-chlordane, gamma-chlordane, and 4 

heptachlor were identified as COPCs in surface soil. 5 

Groundwater 6 

As shown in Table 10.11.11, aluminum, beryllium, chromium, thallium, and vanadium were 7 

identified as COPCs for shallow groundwater at SWMU 3. 8 

lO.Il.6.3 Exposure Assessment 9 

Exposure Setting 10 

SWMU 3 is bounded by oil tanks and containment berms to the northeast the site is completely 11 

fenced. A playground is located to the south/southeast of the site, and athletic fields are located 12 

to the northwest. The site itself consists of an approxinIate 50- by 40-foot area including 13 

Building 249, and the surrounding grassy area northwest of the building. 14 

Potentially Exposed Populations 15 

Potentially exposed populations are current and future site workers. Additional potentially 16 

exposed populations are hypothetical future site residents. Future site resident and worker 17 

exposure scenarios were addressed quantitatively in this risk assessment. Current exposure to 18 

workers is discussed qualitatively in relation to the future workers and future residents. The 19 

hypothetical future site worker scenario assumes continuous exposure to surface soil conditions. 20 

Current site workers' exposure would be less than that assumed for the hypothetical future site 21 

worker scenario because of their limited soil contact (Building 249 would prevent direct contact 22 

10.11.49 



Tabl.10.11.10 
Chemicals Present in Site Samples 
SWMU 3 a Surface Soil 
Naval Ba •• Charleston, Zone Q 
Charleston, South Carolina 

Frequency 
of 

Parameter Detection 

TCDD Equivalents 
1234678-HpCOO 1 1 
234678-HxCDF 1 1 
Dioxin Equiv. 1 1 
acDO 1 1 

Inorganics 
luminum (AI) 10 10 

Antimony (Sb) 1 10 
~rs.nic (As) 10 10 

10 10 
eryUiuiTi (88) 8 iO 
admium (Cd) 4 10 
alcium (Ca) 10 10 

Chromium (Cr) 10 10 
Cobak (Co) 10 10 
Copper (Cu) 4 10 
Cyanide (CN) 1 4 

~:;d(:e) 10 10 
(Pb) 10 10 

Magne$ium (Mg) 10 10 
Manganese (Mn) · 10 10 
Mercury (Hg) 4 10 
Nickel (Ni) 4 10 
Potassium (K) 3 10 
Selenium (Se) 3 10 
Sodium (Na) 3 10 
Vanadium (V) 10 10 
Izinc (Zn) 5 10 

PestlcideslPCBs 
Aroclor·1248 · 1 10 
4,4'-000 2 10 
4,4'-00E · 9 10 
4,4'-00T 9 10 
alpha..chlordane · 5 10 
Dieldrin 2 10 
Endrin 2 10 
gamma-Chlordane · 8 10 
Heptachlor · 3 10 
Heptach!or epoxide 2 10 

Semivolatile Organics 
Butylbenzy/phthalate 1 2 

Volatile Organics 
. Acrolein 1 1 

Notes: 

Range 
of 

Detection 

3.81 3.81 
0.472 0.472 

0.2113 0.2113 
126 126 

3750 8000 
0.34 0.34 

1.2 3.6 
13.1 65 
0.35 0.67 
0.06 0.38 
567 34000 
4.4 12.9 
1.7 9.2 
2.3 28.7 

0.28 0.28 
2950 6860 

3 114 
209 1290 

17.65 341 
0.04 0.27 

2.2 7 
224 302 

0.36 0.555 
167 226 
5.4 15.8 

10.3 84.3 

28000 28000 
9.1 420 
3.5 2600 
3.6 570 
2.4 16000 

3.65 12 
8.6 540 
1.7 22000 

3 520 
3.1 <" .. , 
930 930 

2 2 

•. Indicates chemical was identified as a COPe 
SQl • Sample quantitation limit 
RBe· Risk·based concentration 
UGiKG • micrograms per idiogram 
NGlKG • nanograms per kilogram 
MG/KG • milligrams per kilogram 
NA· Not applicable or not available 

Average Range Screening Concentration Number 
Detected of Residential Exceeding 

Concentration SQL RSC Backaround Units RBC Bkad 

3.81 NA NA NA NA NG/KG 
0.472 NA NA NA NA NG/KG 

0.2113 NA NA 1000 NA NG/KG 
126 NA NA NA NA NG/KG 

5953.5 NA NA 7800 18700 MG/KG 1 
0.34 0.31 0.72 3.1 2.89 MG/KG 
2.23 NA NA 0.43 17.2 MG/KG 10 

39.84 NA NA 550 109 MG/KG 
0.5288 0.15 0.34 0.15 1.2 MG/KG 8 
0.2275 0.04 0.04 3.9 1.07 MG/KG 
8902.7 NA NA NA NA MG/KG 

7.75 NA NA 39 42.8 MG/KG 
2.93 NA NA 470 6.6 MG/KG 1 
13.4 0.58 4.9 27000 260 MG/KG 
0.28 0.11 0.24 160 0.38 MG/KG 
4566 NA NA NA NA MG/KG 

26.13 NA NA 400 181 MG/KG 
556.5 NA NA NA NA MGlKG 

168.545 NA NA 180 325 MG/KG 6 1 
0.12 0.033 0.04 2.3 1.03 MG/KG 

4.675 2.6 5.6 160 20.6 MG/KG 
268 128 220 NA NA MG/KG 

0.4483 0.31 0.36 39 1.22 MG/KG 
192.6867 117 152 NA NA MG/KG 

9.82 NA NA 55 60.9 MG/KG 
41.64 14.3 37 2300 519 MG/KG 

28000 34 350 320 NA UG/KG 1 
214.55 2.7 27 2700 NA UG/KG 

328.1444 27 27 1900 NA UG/KG 1 
115.6444 2.8 2.8 1900 NA UG/KG 
3289.66 1.4 1.4 1800 NA UG/KG 1 

7.825 2.7 300 40 NA UG/KG 
274.3 2.7 32 2300 NA UG/KG 

3756.875 1.4 1.4 1800 NA UG/KG 1 
244.3333 1.4 1.5 140 NA UG/KG 2 

'.0 i.4 150 iO NA UGiKG 

930 370 370 1600000 NA UG/KG 

2 NA NA 160000 NA UG/KG 
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to a portion of the surface soil on site). Therefore, future worker assessment is considered to be 

conservatively representative of current site users. The future site resident scenario was built on 2 

the premise that existing features would be removed and replaced with dwellings. 3 

Exposure Pathways 4 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 5 

ingestion of surface soils. The exposure pathways for future site workers are the same as those 6 

for the future site residents with respect to soil. The groundwater pathway for the hypothetical 7 

future site residents is incidental ingestion of groundwater. No VOCs were reported in SWMU 3 8 

first -quarter groundwater samples at concentrations exceeding residential RBCs; therefore the 9 

inhalation of volatiles pathway was not addressed for this site. Uniform exposure was assumed 10 

for all sample locations. Table 10.11.12 presents the justification for exposure pathways assessed 11 

in this HHRA. 12 

Exposure Point Concentrations 13 

Ten surface soil samples were analyzed for this site. Table 10.11.13 presents the EPCs for the 14 

COPCs identified in surface soil, by using the 95% UCL as discussed in Section 7 of this RFI. 15 

Maximum reported concentrations of COPCs in surface soil were less than corresponding 16 

Potentially Exposed 
pnp'datjon 

Cnrnmt I and J Ius 

Current Use" (Site 
Workers) 

Table 10.11.12 
ZoneG 

SWMV3 
Exposure Pathways Summary 

MedllUD and Exposure 
Path"! 

Air. lnbaIation of g"""",' 
contaminants emanating from 
soil 

Air. lnbalation of chemicals 
entrained in fugitive dust 

Pathway Selected ror 
Rvglngtjou') 

No 

No 

10.11.52 

ReaSon fgr Selection or Exr'nsjnn 

FateandlranSjlOlI screening did not identify any 
copes for this indirect exposure pathway. 

This exposure pathway was considered 
insignificant compared to the other pathways. 



Potentially Exposed 
Pomllotiog 

Future I and lTsgs 

Ft.!h!!"~ Sitl! Residents 
(Child and Adult), 
Future Site Worker 

Table 10.11.12 
ZoneG 

SWMUJ 
Exposure Patbways Summary 

Medium and Exposure 
pathway 

Sj1ilIlOwgroundwater; 
Ingestion of contaminaDlS 
durblg potable or general use 

Shallow groundwater. 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Soil~ Incidental, ingestion 

Soil. Dermal contact 

Air. !!,_h..a!atio!! of gaseou.s 
contaminants emanating from 
soil 

Air~ lnhaIation of chemicals 
entrained tit- fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general use 

Shallow, groundwater; 
IDhaJatioD'of-voilltilized 
cotltaltlirwltS durins domestic 
use 

Soil, Incidental ingestion 

Soil, Dermal contact 

Wild game or domestic 
animals, Ingestion of tissue 
impacted by media 
contamination 

FruitS and vegetables, 
Ingestion .fplant tissues 
grown in media 

Pathway Selected for 
Eyal"ptjpp" 

No 

No 

No (Qualified) 

No (Qualified) 

No 

No 

Yes 

No 

Yes 

No 

No 

10.11.53 
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Beesgn for Selectlog or FJelmaion 

Shallow groundwater is: not currendy'used:as- a 
source of potable Or' non .. rcsidential water at 
SWMU3. 

Shallow groundwater is not currently used as a 
SOUrtC of potable or norH"e:;idential watei at 
SWMU3. 

Future site use is considered conservatively 
representative-of-current site use. 

Future site use is considered conservatively 
representative of current site usc. 

Fate and transpoit 5Cieei"ling did not identify any 
CDPCs for this indirect exposure pathway" 

nus exposure:pathwIY was considered 
insignificant compared to'-the other pathways. 

Shallow groundwater is not likely to be used as a 
source of potable or non-residential water at 
SWMU 3. This pathway was addressed as a 
conservative measure. 

Volalil" COPC._re not idontifJed subsequent to 
risk~ screening' comparisons. 

COPCs were identified subsequent to risk-based 
and background screening comparisons. 

COPC. w~ identified subsequent to risk-based 
and background 'screening comparisons. 

Hunting/taking of game and/or raising livestock is 
prohibited within the Charleston. South Carolina 
city limits. 

Thc' potentiaI.-for Significant exposure via this 
pathway is low ·relalive·to that of other e"POsure 
pathway s assessed .. -
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95% UCL values, and were therefore used as EPCs. Since less than 10 monitoring wells were 

established for SWMU 3, the maximum concentrations reported in the first-quarter samples were 2 

used as EPCs for groundwater. 3 

Quantification of Exposure 4 

Soil 5 

eDIs for ingestion and dermal contact with soiis are shown in Tables 10.11.14 and 10.11.15, 6 

respectively. PI/FC terms were applied to calculate the CDIs for Aroclor-1248, 4,4-DDE, 7 

alpha- chlordane, gamma-chlordane, and heptachlor, because their maximum concentrations, 8 

which were used as their EPCs, were extremely elevated in comparison to their reported 9 

concentrations in the remaining surface soil samples. The "hot spot" for these chemicals was 10 

represented by surface soil sample locations 003SB003, 003SB008, and 003SBOO9. These samples II 

represent an area of approximately 1,750 square feet with is less than one-tenth of one-half acre. 12 

As a result, the PI/FC terms for these chemicals was set equal to 0.1. 13 

Groundwater 14 

CDIs for the groundwater pathway are shown in Table 10.11.16. 15 

10.11.6.4 Toxicity Assessment 16 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.11.17 17 

presents toxicological information specific to each COPC identified at SWMU 3. This information 18 

was used in the quantification of risk/hazard associated with soil contaminants. Brief toxicological 19 

profiles for each COPC are provided in the following paragraphs. 20 

Aluminum is one of the most abundant metals in the earth's crust (7% aluminum), and it is 21 

ubiquitous in air and water, as well as soil. This metal is water-soluble, silvery, and ductile, 22 

which suggests its usefulness in many processes. Ingesting aluminum can affect the absorption 23 

10.11.55 
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of other elements within the gastrointestinal tract and can alter intestinal function. Aluminum can 

potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on 2 

the gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part 3 

of the neuro-muscular system controlling bowel muscles. The effect could explain why aluminum- 4 

containing antacids often produce constipation and indicates aluminum could affect the uptake of 5 

other chemicals. Aluminum dust is moderately flammable and explosive in heat. Inhaling this 6 

dust can cause fibrosis (aluminosis) (Klaassen, et aI., 1986; Dreisbach et aI., 1987). No data are 7 

available on an applicable SF or the USEPA cancer group. The USEPA Region IV Office of 8 

Health Assessment suggested using the provisional oral RID of 1.0 mglkg-day. The aesthetic- 9 

based SMCL for drinking water is 50 to 200 ,",giL. 10 

Beryllium exposure via the inhalation route can inflame the lungs, a condition known as Acute II 

Beryllium Disease, as a result of short-term exposure to high concentrations. Removal from 12 

exposure reverses the symptoms. Chronic exposure to much lower concentrations of beryllium 13 

or beryllium oxide by inhalation has been reported to cause chronic beryllium disease, with 14 

symptoms including shortness of breath, scarring of the lungs, and berylliosis, which is 15 

noncancerous growths in the lungs of humans. Both forms of beryllium disease can be fatal, 16 

depending on the severity of the exposure. Additionally. a skin allergy may develop when soluble 17 

beryllilL111 compounds come into contact with the skin of sensitized individuals (Gradient, 1991). 18 

An oral RID of 0.0054 mg/kg-day has been set for beryllium based on a chronic oral bioassay (rats 19 

were the study species) which determined an NOAEL of 0.54 mg/kg-day. Beryllium has been 20 

classified by USEPA as a group B2 carcinogen based on animal studies. Human epidemiology 21 

studies of beryllium are inadequate. As listed in IRIS, classification is based on beryllium being 22 

shown to induce lung cancer via inhalation i..'1 rats and monkeys and to i..~duce osteosarcomas in 23 

rabbits via intravenous or intramedullary injection. An inhalation SF of 8.4 (mg/kg-dayjl and an 24 

oral SF of 4.3 (mg/kg-day)"l have been set by USEPA. As listed in IRIS, the critical effect of this 25 

10.11.60 
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chemical is no adverse effect. The oral uncertainty factor was 100 and the modifying factor was 

1. The IRIS RID in drinking water is 0.005 mg/kg-day. 2 

Chlordane is a polycyclic chlorinated pesticide. Acute exposure to high doses of chlordane causes 3 

tremors and convulsions. Chronic exposure can cause emotional and neuromuscular disturbances. 4 

Exposed individuals revert to normal approximately one week after the source is removed 5 

(Dreisbach et aI., 1987). USEPA has established an oral RID of 0.0005 mg/kg-day and an oral 6 

SF and inhalation SF of 0.35 (mg/kg-day)'l. 7 

Chromium exists in two stable, natural forms: Crill and CrVI. Acute exposure to chromium can 8 

result in kidney damage following oral exposure or damage to the nasal mucosa and septum 9 

following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in kidney and 10 

respiratory tract damage, as well as excess lung cancer in both animals and humans following 11 

occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). Oral RID 12 

values for Crill and CrN are 1.0 and 5E-3 (mg/kg-day), respectively. For Crill, the RID is based 13 

on liver toxicity in the rat. For the CrVI form, the RID is based on unspecified pathological 14 

changes observed in rat studies. In addition, CrVI is considered a group A carcinogen for 15 

inhalation exposures, and an inhalation SF of 42 (mglkg-day)'1 has been established for the CrY!. 16 

Vitamin supplements contaLJ1 approxL1!1Jlte!y 0.025 mg of chrowiu..rn. /J..s listed LTl IPJS, no critical 17 

effects were observed for Crill. The uncertainty factor was 100 and the modifying factor was 10. 18 

As listed in IRIS, no critical effects were observed for CrVI. The uncertainty factor was 500 and 19 

the modifying factor was 1. 20 

4,4'-DDE, a by-product of the pesticide DDT, is a compound typical of halo benzene derivatives. 21 

It is soluble in fat, but not in water, and its target organ is the brain. This analog of DDT is the 22 

second-most toxic of the three primary DDT analogues (i.e., the second-most likely to cause 23 

cancer). Other DDE effects could include cell death in the liver, fatty change of heart muscles, 24 

10.11.61 



Zone G ReRA Facility [nvestigaJion Repon 
NA VBASE Charleston 

Section 10 = Site-Specific Evaluations 
Revision: 0 

and kidney damage. In a study mentioned in Dreisbach, et aI., workers historically exposed to 

DDT had up to 648 ppm DDT in their body fat, yet no adverse health effects were observed. If 2 

an individual loses body fat, DDE concentrations are not stored at sufficient concentrations to 3 

induce toxic effects. This compound is listed as a B2 carcinogen, and USEPA set the oral SF for 4 

DDE to 0.34 (mg/kg-day)"1 (Dreisbach, et aI., 1987). 5 

Heptachlor is a man-made chemical that was used in the past for killing insects in homes, 6 

buildings, and on food crops. Pure heptachlor is a white powder. Technical-grade heptachlor is 7 

a tan powder and has a lower level of purity than pure heptachlor. Heptachlor smells somewhat 8 

like camphor, and does not bum easily or explode (ATSDR, 1991). 9 

No studies were located regarding lethal effects in humans after oral exposure to heptachlor. 10 

However, since heptachlor is a major component of the insecticide chlordane, chlordane poisoning 11 

can be considered when evaluating heptachlor toxicity data. There are no data on chronic oral 12 

exposures in humans. There are occupational studies of workers engaged in the manufacture of 13 

heptachlor in which the exposures are presumed to be predominantly inhalation with contributions 14 

from the dermal route. No adverse health effects have been identified in these cohorts that could 15 

be positively associated with heptachlor exposure. 16 

Heptachlor has been issued the USEPA weight of classification of B2, probable human carcinogen 17 

(IRIS). Heptachlor has an oral RID of 5E-04 mg/kg-day, and an oral SF of 4.5 (mg/kg-day]I, and 18 

an inhalation SF of 4.55 (mg/kg-day),1 (IRIS). 19 

Manganese is an essential nutrIent, but chronic exposure (0.8 mg/kg-day) causes 20 

mental disturbances. Studies have shown that manganese uptake from water is greater than 21 

manganese uptake from food, and the elderly appear to be more sensitive than children 22 

(Klaassen et aI., 1986; Dreisbach et aI., 1987). USEPA determined the RID to be 0.14 mg/kg-day 23 

1O.1l.62 
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based on dietary uptake. USEPA recommended using a modifying factor of 3 when estimating 

intake from soil and water. In addition, the body is roughly twice as efficient absorbing 2 

manganese in water compared to manganese in food. Because of the different uptake rates in 3 

water and food, two RIDs were used in this HHRA - one for water and one for food. The RIDs 4 

used are 0.047 and 0.023 mg/kg-day, respectively. Inhalation of manganese dust causes 5 

neurological effects and increased incidence of pneumonia. An inhalation RID was set to 6 

1.43E-05 mg/kg-day. According to USEPA, manganese cannot be classified as to its 7 

carcinogenicity. Therefore, the cancer class for manganese is group D. As listed in IRIS, the 8 

classification is based on studies that are inadequate to assess the carcinogenicity of manganese. 9 

Manganese is an element considered essential to human health. The typical vitamin supplement 10 

dose of manganese is 2.5 mg/day. As listed in IRIS, the critical effects of this chemical in water II 

in the oral summary are CNS effects. The uncertainty factor was 1 and the recommended 12 

modifying factor of 3 was used to estimate soil and groundwater intake. The critical effects of this 13 

chemical are CNS effects. As listed in IRIS, the critical effect of this chemical in the inhalation 14 

summary is impairment of neuro-behavioral function. For inhalation uptake, the uncertainty factor 15 

was 1,000 and the modifying factor was 1. The IRIS RfC is 5E-05 mg/m. 16 

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260) 17 

that aCC1 11!lulate L'l fat tissue. Occupational exposure (both Ln ... 1mlation and dennal) to PCBs causes 18 

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, 19 

rashes and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. 20 

Of the effects listed above, the liver is the primary target organ (Klaassen, et aI., 1986) 21 

(Dreisbach, et aI., 1987). USEPA classified PCB aroclors as group B2 probable human 22 

tumors in rat studies. The cancer potency of PCB mixtures is determined using a tiered approach. 24 

The high risk and persistence tier uses an upper-bound slope factor of 2.0 (mg/kg-day)"1 and is 25 

appropriate for food chain exposures, sediment and soil ingestion, dust or aerosol inhalation, and 26 

10.11.63 
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dermal exposure. The low risk and persistence tier uses an upper-bound slope factor of 0.4 

(mg/kg-dayr1 and is appropriate for ingestion of water soluble congeners and inhalation of 2 

evaporated congeners. The lowest risk and persistence tier uses an upper-bound slope factor of 3 

0.07 (mg/kg-dayr1 and is appropriate for PCB congener mixtures with congeners having more 4 

than four chlorines comprising less than 112 % of the mixture. 5 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 6 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 7 

past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 8 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 9 

USEPA's oral RID for thallium is SE-05 mg/kg-day (Klaassen, et aI., 1986) (Dreisbach, et aI., 10 

1987). The uncertainty factor used for thallium is 3000. 11 

Vanadium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 12 

It is also a by-product of petroleum refIning. Vanadium is soluble in fats and oils (Klaassen 13 

et aI., 1986). Municipal water supplies contain 0.001 to 0.006 mg/L. The target organ is unclear, 14 

and the primary focus of toxicological information is inhalation of vanadium dust. Typical vitamin 15 

supplements contain approximately 0.010 mg in a daily dose. The oral RID set by USEPA is 16 

0.007 mg/kg-day. The uncert..aLllty factor used for vanadiuul is 100. 

10.11.6.S Risk Characterization 

Surface Soil Pathways 

17 

18 

19 

Exposure to surface soil onsite was evaluated under residential and industrial (site worker) 20 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 22 

computed separately to address child and adult exposure. Tables 10.11.18 and 10.11.19 present 23 

10.11.64 
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the computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 2 

Hypothetical Site Residents 3 

The ingestion ILCR (based on the adult and child lifetime weighted average) for SWMU 3 surface 4 

soils is lE-OS. The dermal pathway ILCR is SE-06. Aroclor-1248 and gamma-chiordane were 5 

the primary contributors to ILCR projections for the ingestion and dermal pathways, while 6 

alpha-chiordane was a secondary contributor. 7 

The ingestion HIs projected for the adult and child receptors are 0.03 and 0.03, respectively. The 8 

dermal pathway HIs were 0.01 for the adult resident receptor and 0.04 for the child resident 9 

receptor. 10 

Hypothetical Site Workers 11 

Site worker ILCRs are lE-06 for the ingestion pathway and 2E-06 for the dermal contact pathway. 12 

Aroclor-1248 was the primary contributor to ILCR projections for the ingestion and dermal 13 

pathways. 14 

Site worker HIs were 0.01 for the ingestion pathway and 0,009 for the denna! pathway. 15 

Groundwater Pathways 16 

Exposure to shallow groundwater onsite was evaluated under a residential scenario based on the 17 

results of the first-quarter sampling event. The ingestion exposure pathway was evaluated 18 

assuwing the site groundwater will be used for potable and/or domestic purposes and tP~t an 19 

unfiltered well, drawing from the corresponding water bearing zone, will be installed. For 20 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed 21 

10.11.67 
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separately for child and adult receptors. Table 10.11.20 presents the risk and hazard for the 

ingestion pathway. Since no VOCs were identified as COPCs in SWMU 3 groundwater samples 2 

at concentrations exceeding their corresponding RBCs, the inhalation pathway was not addressed 3 

at this site. 4 

Hypothetical Site Residents 5 

The ingestion iLCR (based on the aduit and chiid iifetime weighted average) for SWMU 3 6 

groundwater is 7E-05. Beryllium was the sole contributor to ILCR projections for the ingestion 7 

~~. 8 

The ingestion HIs projected for the adult and child receptors are 2 and 5, respectively. Thallium 9 

was the primary contributor to ill projections for the ingestion pathway. Aluminum, beryllium, 10 

chromium, and vanadium were secondary contributors. 11 

Hypothetical Site Workers 12 

The site worker ILCR is 2E-05 for the ingestion pathway, and beryllium was the sole contributor 13 

to ILCR projections. 14 

The site worker ill is 0.7 for the ingestion pathway. Thallium was the primary contributor to ill 15 

projections for the ingestion pathway. Aluminum. beryllium, chromium, and vanadium were 16 

secondary contributors. 17 

Current Site Workers 18 

Shallow groundwater is not currently used as a potable water source for SWMU 3 or other areas 19 

of Zone G. In the absence of a completed exposure pathway, no threat to human health is posed 20 

by reported shallow groundwater quality. 21 

10.11.69 
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Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 2 

for this site on a medium-specific basis. USEPA has established a generally acceptable risk range 3 

of lE-04 to lE-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, 4 

a COC was considered to be any chemical contributing to a cumulative risk level of lE-06 or 5 

greater and/or a cumulative hazard index above 1.0, and whose individual ILCR exceeds lE-06 6 

or whose hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, 7 

because a cumulative risk level of lE-04 (and individual ILCR of lE-06) is recommended by 8 

USEPA Region IV as the trigger for establishing COCs. The COC selection method presented 9 

was used in order to provide a more comprehensive evaluation of chemicals contributing to 10 

carcinogenic risk or noncarcinogenic hazard during the remedial goal options development II 

process. Table 10.11.21 presents the COCs identified for SWMU 3 surface soil and groundwater. 12 

Surface Soils 13 

Future Site Residents 14 

Arocior-1248, alpha-chlordane, and ganuna-chlordane were identified as soil pathway COCs based 15 

on their contribution to cumulative residential ILCR projections. 16 

Future Site Workers 17 

Arocior-1248 was identified as a soil pathway COC based on its contribution to cumulative 18 

industrial ILCR projections. 19 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 20 

discussion, residential soil RHCs and background concentratiop..5 were compared to each reported 21 

COC concentration. Aroclor-1248 was detected in only 1 of 10 surface soil samples (OO3SBOO3) 22 

at a concentration above the residential RBC (320 J.lg/kg) and was not detected in any of the 23 

remaining surface soil samples. Chlordane (aipha-) was detected in 5 of 10 surface soil samples, 24 

10.11.70 
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yet only exceeded its residential RBC (1,800 ttg/kg) at one sample location (16,000 ttg/kg at 

oo3SB003). The next highest concentration of alpha-chlordane was reported in sample oo3SB008 2 

(420 ttg/kg). Chlordane (gamrna-) was detected in 6 of 10 surface soil samples, but only exceeded 3 

its residential RBC (1,800 ttg/kg) at one surface soil sample location (22,000 ttglkg at oo3SB003). 4 

The next highest concentration of garnrna-chlordane was reported in sample oo3SB008 5 

(510 ttg/kg). 6 

First-quarter Groundwater 7 

Future Site Residents 8 

Beryllium was identified as a groundwater pathway CDC based on its contribution to cumulative 9 

residential ILCR projections. Aluminum, chromium, thallium, and vanadium were identified as 10 

groundwater pathway CDCs based on their contribution to cumulative residential HI projections. 11 

Future Site Workers 12 

Beryllium was identified as the only groundwater pathway CDC based on its contribution to 13 

cumulative industrial ILCR projections. 14 

Beryllium was detected at a concentration exceeding its tap water RBC (0.016 ttg/L) in all three 15 

fIrst-quarter groundwater samples. A background value has not been established for beryllium in 16 

shallow groundwater at Zone G. The maximum reported concentration of beryllium did not, 17 

however, exceed its respective MCL of 4 ttg/L. Aluminum was detected at a concentration 18 

exceeding its tap water RBC (3,700 ttg/L) in two first-quarter groundwater samples (003001 and 19 

003003). Aluminum also exceeded its background value (692 ttg/L) in all three first-quarter 20 

(18 ttg/L) in two first-quarter groundwater samples, and its background value (3.88 ttg/L) in all 22 

three first-quarter groundwater samples. Chromium was not, however, detected at a concentration 23 

exceeding its corresponding MCL of 100 ttg/L. Thallium was detected at a concentration 24 
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exceeding its tap water RBC (0.29 /-tg/L) in all three first-quarter groundwater samples. A 

background value has not been determined for thallium in groundwater at Zone G, but thallium 2 

did exceed its MCL of 2 /-tg/L in all three first-quarter groundwater samples. Vanadium was 3 

detected at a concentration exceeding its tap water RBC (26 /-tg/L) and its background value 4 

(15.4 /-tg/L) in two first-quarter groundwater samples. 5 

10.11.6.6 Risk Uncertainty 6 

Characterization of Exposure Setting and Identification of Exposure Pathways 7 

The potential for high bias is introduced through the exposure setting and pathway selection due 8 

to the highly conservative assumptions (Le., future residential use) recommended by USEPA 9 

Region IV when assessing potential future and current exposure. The exposure assumptions made 10 

in the site worker scenario are highly protective and would tend to overestimate exposure. 11 

Residential use of the site would not be expected, based on current site uses and the nature of 12 

surrounding buildings. If this area were to be used as a residential site, the surface soil conditions 13 

would likely change - the soils could be covered with landscaping soil and/or a house. 14 

Consequently, exposure to surface soil conditions as represented by samples coJlected during the IS 

RFI would not be likely under a true future residential scenario. These factors indicate that 16 

to current site workers and future site residents. 18 

Groundwater is not currently used at SWMU 3 for potable or industrial purposes. A base-wide 19 

system provides drinking and process water to buildings throughout Zone G. This system is slated 20 

not be expected to be used under future site use scenarios, and associated pathways are not 22 

expected to be completed in the future. 23 
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The maximum detected soil and groundwater constituent concentrations were used as the exposure 2 

point concentrations for this site. Use of maximum detected concentrations represent conservative 

assumptions when applied as the EPC, such that it is unlikely that the maximum detected 4 

concentration would be exceeded by the true mean concentration. Since only three monitoring 5 

wells were established on site, it is difficult to conclude whether the first-quarter data is 6 

representative of the average COC concentrations in the surficial aquifer over time. Subsequent 7 

quarterly samples resulted in significantly lower concentrations of aluminum, beryllium, 8 

chromium, thallium, and vanadium, indicating that first-quarter data could overestimate the 9 

potential risks and hazards associated with chronic exposure to groundwater from the surficial 10 

aquifer. 11 

Frequency of Detection and Spatial Distribution 12 

Surface Soil 13 

Aroclor-1248, 4,4' -DDE, alpha-chlordane, gamma-chlordane, and heptachlor all exceeded their 14 

respective RBCs in the same surface soil sample (OO3SBOO3), indicating a potential "hotspot". 15 

Heptachlor also exceeded its RBC in 003SBOO8. Since maximum concentration were used as 16 

EPCs for these chemicals, FI/FC terms were calculated, based on the approximate area of the "hot 17 

spot", to provide a reasonable estimate of CDI for this site, Use of maxL11l1l11l concentrations as 18 

EPCs for this site would tend to cause an overestimation of risk. Assuming the extent of these 19 

COC has been adequately defmed, PI/FC terms would adjust for this uncertainty. 20 

First-quarter Groundwater 21 

All COCs identified in first-quarter groundwater SlL11lp!es were detected in all three sa.11lples. Since 22 

no background values exist for beryllium and thallium in groundwater at Zone G, it is difficult to 23 

determine whether or not concentrations of these elements are indicative of ambient conditions. 24 

Aluminum, chromium, and vanadium each exceeded their respective RBC in two first-quarter 25 
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groundwater samples. Aluminum and chromium exceeded their background values in all three 

groundwater samples, and vanadium exceeded its background value in two groundwater samples. 2 

Subsequent quarterly sampling however, did not result in any groundwater COCs exceeding their 3 

respective RBCs or background values; indicating that risks and hazards posed by these chemicals 4 

may be overestimated based on first-quarter results. 5 

Quantification of Risk/Hazard 6 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 7 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 8 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 9 

uncertainty are discussed below. 10 

Soil 11 

A conservative screening process was used to identify COPCs for SWMU 3. The potential for 12 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 13 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 14 

carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 15 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 16 

of a significant contribution to risklhazard based on e!L1!1inated CPSSs. Of t.lJe CPSSs screened 17 

and eliminated from formal assessment, only aluminum, arsenic, and beryllium were reported at 18 

concentrations near their RBCs (e.g. within 10% of their RBCs). Each of these elements was 19 

detected at a concentration exceeding its RBC, however, its maximum concentration did not 20 

exceed its corresponding background concentration. As a result, each chemical was eliminated 21 

from consideration in tlJ.e risk assessment. 22 
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The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 2 

screened and eliminated from formal assessment, only arsenic and manganese were reported at a 3 

concentration close to their corresponding RBCs (e.g. within 10% of their RBCs). Each of these 4 

elements was detected at a concentration exceeding its tap water RBC, however, its maximum 5 

concentration did not exceed its corresponding background concentration. As a result, each 6 

chemical was eliminated from consideration in the risk assessment. 7 

Groundwater is not currently used as a potable water source at SWMU 3, nor is it used at 8 

NA VBASE or in the surrounding area. Municipal water is readily available. As previously 9 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 10 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 11 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 12 

preclude this aquifer from being an acceptable potable water source. 13 

Background-related Risk 14 

~ 15 

Aluminum, arsenic, and beryllium were detected in SWMU 3 surface soil at concentrations above 16 

their respective RBCs. These elements were elLminated from consideration in the risk assessment 17 

based on comparison to corresponding background values. It is not unusual for naturally 18 

occurring or background concentrations of some elements to exceed risk-based concentrations. 19 

It is the risk assessment's function to identify excess risk and/or hazard, or that which is above 20 

background levels. The following is a discussion of the residential scenario risklhazard associated 21 

with background concentrations of abl1!1iTlum? ~rse!1jc~ and berylliunl. 22 

The maximum surface soil concentration of aluminum (8,000 mg/kg) for SWMU 3 equates with 23 

hazard quotients of 0.1 and 0.006 for the residential child and site worker, respectively. The 24 
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background value for aluminum (18,700 mg/kg) results in hazard quotients of 0.3 and 0.01 for 

the residential child and site worker, respectively. The maximum surface soil concentration of 2 

arsenic (3.6 mg/kg) equates with ILCRs of 9E-06 and 2E-06 for the residential and site worker 3 

scenarios, respectively. The maximum reported concentration of arsenic also equates with hazard 4 

quotients of 0.2 and 0.008 for the residential child and site worker, respectively. The background 5 

value for arsenic (17.2 mg/kg) equates with ILCRs of 4E-05 and 6E-06, and hazard quotients of 6 

0.8 and 0.04 for the residential and site worker scenarios, respectively. The maximum reported 7 

concentration of beryllium (0.67 mg/kg) yielded ILCRs of 5E-06 and 7E-07 for the residential and 8 

site worker scenarios, respectively. Hazard quotients resulting from the maximum reported 9 

concentration of beryllium were 0.002 and 0.0001 for the residential child and the site worker, 10 

respectively. The background value for beryllium (1.2 mg/kg) yielded ILCRs of 9E-06 and 1E- 11 

06, and hazard quotients of 0.0003 and 0.0002 for the residential and site worker scenarios, 12 

respectively. 13 

First-quarter Groundwater 14 

Arsenic and manganese were detected in first-quarter groundwater samples at concentrations 15 

exceeding their respective RBCs. These inorganics were eliminated from consideration in the risk 16 

assessment based on comparison to corresponding background values. The following is a 17 

discussion of the residential scenario rislrJ!lazard associated with background concentratiop..s of 18 

arsenic and manganese. 19 

The maximum groundwater concentration of arsenic (9.7 /J-g/L) for SWMU 3 equates with ILCRs 20 

of2E-04 and 7E-05 for the residential child and site worker, respectively. The maximum reported 21 

and site worker, respectively. The background value for arsenic (17.8 /J-g/L) equates with ILCRs 23 

of 4E-04 and 1E-04, respectively, for the residential child and site worker; it also equates with 24 

hazard quotients of 4 and 0.6 for the residential child and site worker, respectively. The 25 
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maximum reported concentration of manganese (544 ).lg/L) yielded hazard quotients of 2 and 0.2 

for the residential and site worker scenarios, respectively. Hazard quotients resulting from the 2 

background value for manganese (2,906 ).lg/L) were 8 and 1 for the residential child and the site 3 

worker, respectively. 4 

10.11.6.7 Risk Summary 5 

The risk and hazard posed by contaminants at SWMU 3 were assessed for future site workers and 6 

future site residents under reasonable maximum exposure assumptions. For surface soils, the 7 

incidental ingestion and dermal contact pathways were assessed in this HHRA. The ingestion 8 

pathway was assessed for groundwater. Table 10.11.22 presents the risk summary for each 9 

pathway/receptor group evaluated for SWMU 3. 10 

Soil - Residential Scenario 11 

Residential soil pathway COCs identified for SWMU 3 are manganese, Aroclor-I248, 4,4'-DDE, 12 

alpha-chlordane, garmna-chlordane, and heptachlor. Figures 10.11-15 and 10.11-16 illustrate 13 

point risk and hazard estimates for SWMU 3 based on soil exposure pathways under a future 14 

residential scenario. Table 10.11.23 summarizes the risk and hazard contribution of each COPC 15 

at each sample location. This point risk map is based on the unlikely assumption that a potential 16 

future site resident will be chropically exposed to specific points. Exposure to surface soil 17 

conditions is more likely the result of uniform exposure to the soil conditions of the entire site (or 18 

exposure unit area) rather than specific points. With this in mind, risk maps supplemented by the 19 

tables are useful in that they allow the reader to visualize how chemicals driving risk estimates are 20 

spatially distributed across the site. 21 

Only two sample locations yielded ILCRs that were greater than lE-06 (003SB003 and 22 

003SB008). Aroclor-1248 was the primary contributor to risk at 003SB003, while 4,4'-DDE, 23 

heptachlor, alpha-chlordane, and gamma-chlordane were secondary contributors. Heptachlor was 24 
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Table 10.11.23 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU3 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index 0/0 HI Risk !E~61 0/0 Risk 
003 001 4,4'-OOE 3.5 UG/KG NA 0.0027 100 
003 001 Aroclor-1248 NO UG/KG NA NA 
003 001 Heptachlor NO UG/KG NA NA 
003 001 Manganese (Mn) 61.8 MG/KG 0.0368 100 NA 
003 001 alpha-Chlordane NO UG/KG NA NA 
003 001 9amma-Chlordane NO UG/KG NA NA 

Total 0.0368 0.0027 

003 002 4,4'-OOE 81 UG/KG NA 0.0625 87.93 
003 002 Aroclor-1248 NO UG/KG NA NA 
003 002 Heptachlor NO UG/KG NA NA 
003 002 Manganese (Mn) 193 MG/KG 0.1151 99.69 NA 
003 002 alpha-Chlordane 4.9 UG/KG 0.0002 0.14 0.0039 5.48 
003 002 9amma-Chlordane 5.9 UG/KG 0.0002 0.17 0.0047 6.59 

Total 0.1154 0.0711 

003 003 4,4'-DDE 2600 UG/KG NA 2.0054 1.22 
003 003 Aroclor-1248 28000 UG/KG NA 127.0380 77.22 
003 003 Heptachlor 520 UG/KG 0.0172 1.24 5.3084 3.23 
003 003 Manganese (Mn) 183 MG/KG 0.1091 7.91 NA 
003 003 alpha-Chlordane 16000 UG/KG 0.5278 38.25 12.7038 7.72 
003 003 9amma-Chlordane 22000 UG/KG 0.7257 52.60 17.4677 10.62 

Total 1.3797 164.5233 

003 004 4,4'-OOE 3.8 UG/KG NA 0.0029 100 
003 004 Aroclor-1248 NO UG/KG NA NA 
003 004 Heptachlor NO UG/KG NA NA 
003 004 Manganese (Mn) 194 MG/KG 0.1157 100 NA 
003 004 alpha-Chlordane NO UG/KG NA NA 
003 004 9amma-Chlordane NO UG/KG NA NA 

Total 0.1157 0.0029 

003 005 4,4'-OOE 25 UG/KG NA 0.0193 100 
003 005 Aroclor-1248 NO UG/KG NA NA 
003 005 Heptachlor NO UG/KG NA NA 
003 005 Manganese (Mn) 341 MG/KG 0.2033 100 NA 
003 005 alpha-Chlordane NO UG/KG NA NA 
003 005 n!:llrnrn!:l_(,,"-hlnrrl!:lna "'In I 1~/ir""" ... ... 

l;l ..... ''' ........................... '''~ ........ ,"'" .. n .. n 

Total 0.2033 0.0193 



Table 10.11.23 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residentia! Scenario 
SWMU3 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk jE-06! % Risk 
003 006 4,4'-OOE 5 UG/KG NA 0.0039 74.07 
003 006 Aroclor-1248 NO UG/KG NA NA 
003 006 Heptachlor NO UG/KG NA NA 
003 006 Manganese (Mn) 207 MG/KG 0.1234 99.95 NA 
003 006 alpha-Chlordane NO UG/KG NA NA 
003 006 gamma-Chlordane 1.7 UG/KG 0.0001 0.05 0.0013 25.93 

Total 0.1235 0.0052 

003 007 4,4'-OOE 14 UG/KG NA 0.0108 23.77 
003 007 Aroclor-1248 NO UG/KG NA NA 
003 007 Heptachlor 3 UG/KG 0.0001 0.92 0.0306 67.41 
003 007 Manganese (Mn) 17.65 MG/KG 0.0105 9i54 NA 
003 007 alpha-Chlordane 2.4 UG/KG 0.0001 0.73 0.0019 4.19 
003 007 gamma-Chlordane 2.65 UG/KG 0.0001 0.81 0.0021 4.63 

Total 0.0108 0.0454 

003 008 4,4'-OOE NO UG/KG NA NA 
003 008 Aroclor-1248 NO UG/KG NA NA 
003 008 Heptachlor 210 UG/KG 0.0069 4.25 2.1438 74.38 
003 008 Manganese (Mn) 210 MG/KG 0.1252 76.90 NA 
003 008 alpha-Chlordane 420 UG/KG 0.0139 8.51 0.3335 11.57 
003 008 gamma-Chlordane 510 UG/KG 0.0168 10.33 0.4049 14.05 

Total 0.1628 2.8822 

003 009 4,4'-OOE 200 UG/KG NA 0.1543 82.22 
003 009 Aroclor-1248 NO UG/KG NA NA 
003 009 Heptachlor NO UG/KG NA NA 
003 009 Manganese (Mn) 118 MG/KG 0.0704 98.07 NA 
003 009 alpha-Chlordane 21 UG/KG 0.0007 0.97 0.0167 8.89 
003 009 gamma-Chlordane 21 UG/KG 0.0007 0.97 0.0167 8.89 

Total 0.0717 0.1876 

003 010 4,4'-OOE 21 UG/KG NA 0.0162 100 
003 010 Aroclor-1248 NO UG/KG NA NA 
003 010 Heptachlor NO UG/KG NA NA 
003 010 Manganese (Mn) 160 MG/KG 0.0954 100 NA 
003 010 alpha-Chlordane NO UG/KG NA NA 
003 010 ~amma-Chlordane .. Ir"'\ II_JU'_ ... .,. 

.... L..I U\.:I/f'\.\..:II I~" I~" 

Total 0.0954 0.0162 
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the primary contributor to risk at 003SB008, while alpha-chlordane and gamma-chlordane were 

secondary contributors. Risk estimates at SWMU 3 ranged from 3E-09 (003SBOOl) to 2E-04 2 

(003SB003), with a mean risk estimate of 2E-05. 3 

Chlordane (alpha-) and gamma-chlordane were primary contributors to hazard estimates at the only 4 

location at SWMU 3 that yielded a hazard index above unity (003SB003). Heptachlor and 5 

manganese were secondary contributors. Hazard index estimates ranged from 0.01 (003SB007) 6 

to 1.4 (003SB003), with a mean hazard estimate of 0.2. 7 

Soil- Site Worker Scenario 8 

Industrial soil pathway COCs identified for SWMU 3 are Aroclor-1248, alpha-chlordane, 9 

gamma-chlordane, and heptachlor. Figure 10.11-17 illustrates point risk estimates for SWMU 3 10 

based on soil exposure pathways under a future site worker/industrial scenario. Table 10.11.24 11 

summarizes the risk and hazard contribution of each COPC at each sample location. Heptachlor 12 

was not detected at a concentration exceeding its industrial RBC (1,300 J./glkg), and was therefore, 13 

not included in the point risk estimate table or figure. 14 

Only one sample location yielded an ILCR greater than lE-06 (003SBOO3). Aroclor-1248 was the 15 

primary contributor to risk at 003SB003, while alpha-chlordane and gamma-chlordane were 16 

secondary contributors. Risk estimates ranged from 3E-1O (OO3SB006) to 3E-05 (003SB003), 17 

with a mean risk estimate of 3E-06. None of these COCs were detected in 003SBOOl, 003SBOO4, 18 

003SB005, or 003SBOlO. 19 

Chlordane (alpha-) and gamma-chlordane were the sole contributors to hazard estLrnates at 20 

SWMU 3; however, hazard indices did not exceed unity at any location for the industrial scenario. 21 

Hazard index estimates ranged from 0.000004 (003SBOO7) to 0.1 (OO3SB003), with a mean hazard 22 

10.11.84 
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Table 10.11.24 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industria! Scenario 
SWMU3 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06! % Risk 
003 001 Aroclor-1248 ND UG/KG NA NA 
003 001 alpha-Chlordane ND UG/KG NA NA 
003 001 \lamma-Chlordane ND UG/KG NA NA 

Total NA NA 

003 002 Aroclor-1248 ND UG/KG NA NA 
003 002 alpha-Chlordane 4.9 UG/KG 0.00001 45.4 0.0008 45.4 
003 002 n!:lmm!2._"-hlnm!::llnD 5.9 UG/KG 0.00002 ~A "- n nn-tn ~A " 32 ... •• .. •• ... _ ........ ,-. .... ,,"" .... "T ..... V.VVIV """"'.\.1 

Total 0.00003 0.0017 

003 003 Aroclor-1248 28000 UG/KG NA 25.8301 80.8 
003 003 alpha-Chlordane 16000 UG/KG 0.04133 42.1 2.5830 8.1 
003 003 \lamma-Chlordane 22000 UG/KG 0.05683 57.9 3.5516 11.1 

Total 0.09816 31.9648 

003 004 Aroclor-1248 ND UG/KG NA NA 
003 004 alpha-Chlordane ND UG/KG NA NA 
003 004 \lamma-Chlordane ND UG/KG NA NA 

Total NA NA 

003 005 Aroclor-1248 ND UG/KG NA NA 
003 005 alpha-Chlordane ND UG/KG NA NA 
003 005 \lamma-Chlordane ND UG/KG NA NA 

Total NA NA 

003 006 Aroclor-1248 ND UG/KG NA NA 
003 006 alpha-Chlordane ND UG/KG NA NA 
003 006 \lamma-Chlordane 1.7 UG/KG 0.000004 100 0.0003 100 

Total 0.000004 0.0003 

003 007 Aroclor-1248 ND UG/KG NA NA 
003 007 alpha-Chlordane 2.4 UG/KG 0.000006 47.5 0.0004 47.5 
003 007 \lamma-Chlordane 2.65 UG/KG 0.000007 52.5 0.0004 52.5 

Total 0.00001 0.0008 

003 008 Aroclor-1248 ND UG/KG NA NA 
003 008 alpha-Chlordane 420 UG/KG 0.00108 45.2 0.0678 45.2 
003 008 ~amma~Chlordan€ ~<n II~JV""" n nn4.,.., CA a n no..,., <A a 

~'u ""' ..... rr' ..... v.vu lv' >oJ .... u u.uo"'~ ;;;1 ..... 0 

Total 0.00240 0.1501 



Table 10.11.24 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
SWMU3 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter 
003 009 Aroclor-1248 
003 009 alpha-Chlordane 
003 009 gamma-Chlordane 

Total 

003 010 Aroclor-1248 
003 010 alpha-Chlordane 
003 010 gamm::lMCh!ord::lne 

Total 

Concentration 
NO 
21 
21 

NO 
NO 
ND 

Units 
UG/KG 
UG/KG 
UG/KG 

UG/KG 
UG/KG 
UG/KG 

Hazard Index %HI 
NA 

0.00005 50.0 
__ -:0~.~00~0~07-5 50.0 

0.00011 

NA 
NA 
NA 
NA 

Risk (E-06) % Risk 
NA 

0.0034 50.0 
0.0034 50.0 
0.0068 

NA 
NA 
.,A ,m 

NA 
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estimate of 0.01. Neither of these COCs were detected in 003SBool, oo3SBOO4, oo3SB005, or 

oo3SBOI0. 2 

Groundwater - Residential Scenario 3 

Aluminum, beryllium, chromium, thallium and vanadium were identified as groundwater pathway 4 

COCs. As shown in Table 10.11.25 and Figure 10.11-18, beryllium was the sole contributor to 5 

risk projections for SWMU 3 groundwater. Risk estimates ranged from 3E-05 (003002) to 7E-05 6 

(003001 and 003003), with a mean ILCR of 6E-05. Thallium was the primary contributor to 7 

hazard estimates, while aluminum, beryllium, chromium, and vanadium were secondary 8 

contributors. Figure 10.11-19 illustrates point hazard estimates for groundwater for the residential 9 

scenario. Hazard estimates ranged from 3 (003002) to 4 (003003), with a mean hazard index of 10 

4. 

10.11.6.8 Remedial Goal Options 

Soil 

II 

12 

\3 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 14 

Table 10.11.26 for surface soils. Hazard-based RGOs were calculated based on the hypothetical 15 

child resident, as noted in the table. 16 

Groundwater 17 

Groundwater RGOs based on the site resident scenario are shown in Table 10.11.27. 18 

10.11.7 Corrective Measures Considerations 19 

Based on t..lJ.e analytical results and the hlL'l1an health risk assessment for SWMlT 3 j COCs 20 

requiring further evaluation through the CMS process have been identified for surface soil and 21 

groundwater. The site is currently in an industrial setting, however risk to human health was 22 

evaluated under both the residential and industrial (site worker) scenarios for incidental ingestion 23 

and dermal contact exposure pathways. 24 

10.11.88 



Table 10.11.25 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
SWMU3 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk IE-061 % Risk 
003 001 Aluminum (AI) 9930 UG/L 0.6348 15.9 NA 
003 001 Beryllium (Be) 1.1 UG/L 0.0141 0.4 70.3483 100 
003 001 Chromium (Cr) 20.4 UG/L 0.2608 6.5 NA 
003 001 Thallium (TI) 3.5 UG/L 2.7968 70.0 NA 
003 001 Vanadium (V) 31.4 UG/L 0.2868 7.2 NA 

Total 3.9932 70.3483 

003 002 A!uminum (A!) 2465 UG/L n -t r:.7t::. "n ... .... , ... , ... V.V .. ~ 
003 002 Beryllium (Be) 0.545 UG/L 0.0070 0.3 34.8544 100 
003 002 Chromium (Cr) 5.6 UG/L 0.0716 2.7 NA 
003 002 Thallium (TI) 2.9 UG/L 2.3174 88.5 NA 
003 002 Vanadium (V) 7.1 UG/L 0.0648 2.5 NA 

Total 2.6183 34.8544 

003 003 Aluminum (AI) 15200 UG/L 0.9717 24.0 NA 
003 003 Beryllium (Be) 1.1 UG/L 0.0141 0.3 70.3483 100 
003 003 Chromium (Cr) 31.6 UG/L 0.4040 10.0 NA 
003 003 Thallium (TI) 2.8 UG/L 2.2374 55.2 NA 
003 003 Vanadium (V) 46.7 UG/L 0.4265 10.5 NA 

Total 4.0537 70.3483 



\ 

< 

:> 



Oto 
to 

0.5 to 1.0 

to 

> 
SW'MI1 3 



T
ab

le
 1

0.
11

.2
6 

R
em

ed
ia

l G
oa

l O
pt

io
ns

 f
or

 S
oi

l 
S

W
M

U
3

 
N

av
al

 B
as

e 
C

ha
rl

es
to

n,
 Z

on
e 

G
 

C
ha

rl
es

to
n,

 S
ou

th
 C

ar
ol

in
a 

C
he

m
ic

al
 

In
or

ga
n

ic
 

M
an

ga
ne

se
 (

M
n)

 

P
es

ti
ci

d
es

ll
·C

B
s 

A
ro

cl
or

-1
24

8 
4,

4'
-D

D
E

 
al

ph
a-

C
hl

or
da

ne
 

ga
rn

m
a-

C
hl

or
da

ne
 

H
ep

ta
ch

lo
r 

C
he

m
ic

al
 P

es
ti

ci
d

es
ll

'C
B

s 
A

ro
cl

or
-1

24
8 

al
ph

a-
C

hl
or

da
ne

 
ga

m
m

a-
C

hl
or

da
ne

 
H

ep
ta

ch
lo

r 

N
O

T
E

S
: 

E
P

C
 

N
A

 
N

D
 

R
es

id
en

ti
al

-B
as

ed
 R

em
ed

ia
l 

G
oa

l 
O

p
ti

on
s 

H
az

ar
d-

B
as

ed
 

S
lo

pe
 

R
ef

er
en

ce
 

R
em

ed
ia

l G
oa

l O
pt

io
ns

 
Fa

ct
or

 
D

os
e 

E
P

C
 

3 
1 

0.
1 

(m
g/

kg
-d

ay
)-

ll
 

(m
g/

kg
-d

ay
) 

m
g/

kg
 

m
g/

kg
 

m
g/

kg
 

m
g/

kg
 

N
A

 
0.

02
3 

34
1.

0 
50

32
 

16
77

 
16

7.
7 

! 
N

A
 

28
.0

 
N

D
 

N
D

 
N

D
 

0.
34

 
N

A
 

2.
6 

N
D

 
N

D
 

N
D

 
0.

3.
5 

0.
00

05
 

16
.0

 
91

 
30

 
3.

0 
0.

3.
5 

0.
00

05
 

22
.0

 
91

 
30

 
3.

0 
4.

5 
0.

00
05

 
0.

5 
91

 
30

 
3.

0 

W
or

k
er

-B
as

ed
 R

em
ed

ia
l 

G
oa

l 
O

p
ti

on
s 

S
lo

pe
 

R
ef

er
en

ce
 

F
ac

to
r 

D
os

e 
E

P
C

 
(m

g/
kg

-d
ay

)-
ll

 
(m

g/
kg

-d
ay

) 
m

g/
kg

 

2 
N

A
 

28
.0

 
0.

3.
5 

0.
00

05
 

16
.0

 
0.

3.
5 

0.
00

05
 

22
.0

 
4.

5 
0.

00
05

 
0.

5 

E
xp

os
ur

e 
po

in
t c

on
ce

nt
ra

tio
n 

N
ot

 a
pp

li
ca

bl
e 

N
ot

 d
et

er
m

in
ed

 

H
az

ar
d-

B
as

ed
 

R
em

ed
ia

l G
oa

l O
pt

io
ns

 
3 

1 
0.

1 
m

g/
kg

 
m

g/
kg

 
m

g/
kg

 

N
D

 
N

D
 

N
D

 
11

61
 

38
7 

39
 

11
61

 
38

7 
39

 
11

61
 

38
7 

39
 

R
is

k-
B

as
ed

 
R

em
ed

ia
l 

G
oa

l 
O

pt
io

ns
 

B
ac

kg
ro

un
d 

IE
-0

6 
IE

-0
5 

IE
-0

4 
C

on
ce

nt
ra

tio
n 

m
g/

kg
 

m
g/

kg
 

m
gl

kg
 

m
g/

kg
 

N
D

 
N

D
 

N
D

 
32

5 

0.
22

 
2.

2 
22

 
N

A
 

1.
3 

13
 

13
0 

N
A

 
1.

3 
13

 
12

6 
N

A
 

1.
3 

13
 

12
6 

N
A

 
0.

10
 

1.
0 

10
 

N
A

 

R
is

k-
B

as
ed

 
R

em
ed

ia
l G

oa
l 

O
pt

io
ns

 
B

ac
kg

ro
un

d 
IE

-0
6 

IE
-0

5 
IE

-0
4 

C
on

ce
nt

ra
ti

on
 

m
g/

kg
 

m
g/

kg
 

m
gl

kg
 

m
g/

kg
 

1.
1 

II
 

10
8 

N
A

 
6.

2 
62

 
61

9 
N

A
 

6.
2 

62
 

61
9 

N
A

 
0.

48
 

4.
8 

48
 

N
A

 

R
em

ed
ia

l g
oa

l o
pt

io
ns

 w
er

e 
ba

se
d 

on
 t

he
 r

es
id

en
tia

l o
r 

sil
te

 w
or

ke
r 

lif
et

im
e 

w
ei

gh
te

d 
av

er
ag

e 
fo

r 
ca

rc
in

og
en

s 
an

d 
th

e 
ch

i1
d 

re
sid

en
t o

r 
si

te
 w

or
ke

r 
fo

r 
no

nc
ar

ci
no

ge
ns

 



T
ab

le
 1

0.
11

.2
7 

R
em

ed
ia

l G
oa

l O
pt

io
ns

 -
Sh

al
lo

w
 G

ro
un

dw
at

er
 

S
W

M
U

3
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n,

 Z
on

e 
G

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

C
he

m
ic

al
 

In
or

ga
ni

cs
 

A
lu

m
in

um
 (

A
I)

 
B

er
yl

li
um

 (
B

e)
 

C
hr

om
iu

m
 (

C
r)

 
T

ha
ll

iu
m

 (
T

I)
 

V
an

ad
iu

m
 (

V
) 

N
O

T
E

S
: 

O
ra

l 
O

ra
l 

S
F

 
R

ID
 

(m
g/

kg
-d

ay
)-

1 
(m

gl
kg

-d
ay

) 

N
A

 
4.

3 
N

A
 

N
A

 
N

A
 

0.
00

5 
0.

00
5 

0.
00

00
8 

0.
00

7 

EP
C

 
ex

po
su

re
 p

oi
nt

 c
on

ce
nt

ra
tio

n 
N

A
 

no
t 

ap
pl

ic
ab

le
 

N
D

 
no

t 
de

te
rm

in
ed

 

R
es

id
en

tia
l-B

as
ed

 R
em

ed
ia

l G
oa

l O
pt

io
ns

 

H
az

ar
d-

B
as

ed
 

R
is

k-
B

as
ed

 
R

em
ed

ia
l G

oa
l O

pt
io

ns
 

R
em

ed
ia

l 
G

oa
l 

O
pt

io
ns

 
E

P
C

 
0.

1 
1.

0 
3 

IE
-0

6 
IE

-0
5 

IE
-0

4 
M

C
L

 
m

g/
I 

m
g/

I 
m

g/
I 

m
g/

I 
m

g/
I 

m
g/

I 
m

g/
I 

m
g/

l 

15
.2

 
1.

6 
15

.6
 

46
.9

 
N

D
 

N
D

 
N

D
 

N
A

 
0.

00
11

 
0.

00
78

 
0.

07
8 

0.
23

 
0.

00
00

15
 

0.
00

01
5 

0.
00

15
 

0.
00

4 
0.

03
16

 
0.

00
78

 
0.

07
8 

0.
23

 
N

D
 

N
D

 
N

D
 

0.
1 

0.
00

35
 

0.
00

01
3 

0.
00

13
 

0.
00

38
 

N
D

 
N

D
 

N
D

 
0.

00
2 

0.
04

67
 

0.
01

1 
0.

11
 

0.
33

 
N

D
 

N
D

 
N

D
 

N
A

 

re
m

ed
ia

l g
oa

l o
pt

io
ns

 fo
r 

si
te

 r
es

id
en

ts
 w

er
e 

ba
se

d 
on

 th
e 

re
si

de
nt

ia
l 

lif
et

im
e:

 w
ei

gh
te

d 
av

er
ag

e 
fo

r 
ca

rc
in

og
en

s 
an

d 
th

e 
ch

ild
 r

es
id

en
t 

fo
r 

no
nc

ar
ci

no
ge

ns
 

B
ac

kg
ro

un
d 

C
on

ce
nt

ra
tio

n 
m

g/
I 0.

69
2 

N
A

 
0.

00
38

8 
N

A
 

0.
01

54
 



'~","'-,., 

Zone G RCRA Facility investigation Report 
NA VBASE Charleston 

Section 10 - Site-Spec£fic Rvaiuatio!1..s 
Revision: 0 

As recommended by SCDHEC, a cac is considered to be any chemical contributing to a 

cumulative risk level of lE-06 or greater and/or a cumulative hazard index above 1.0, and whose 2 

individual risk exceeds lE-06 or whose hazard quotient exceeds 0.1. 3 

Aroclor-I248, alpha-chlordane, and gamma-chlordane were identified as soil pathway cacs for 4 

SWMU 3. Aluminum, beryllium, chromium, thallium, and vanadium were identified as 5 

groundwater pathway COCs for SV\lMU 3. Tabie iO.il.2S presents cumuiative and caC-specific 6 

exposure risks and hazard quotients. 7 

Chemical 

Soil 

Ar6clo,...1248 

alpha-chlordane 

gamma-chlotdane 

Cumulative 

Groundwater 

AhiitiitiUri:l 

Beryllium 

Chromium 

Thallium 

Vanadium 

Cumulative 

Note: 
ND Not determined 

Table 10.11.28 
ZoneG 

SWMU3 
Cumulative and Chemical-Specific Exposure Risks and Hazard 

Risk 

Industrial Residential Industrial 

• 2;6E'06 MB~S NO 

2.6E~7 I.3E'06 0.004 

3.5E-07 1:1&% 0.006 

3.2E'06 1.6E~5 0.1 

NO ND 0:15 

2.3E~5 7.IE~5 .002 

NO NO 0:06 

NO NO 0.43 

ND NO 0.Q7 

2.3E~5 7.IE~5 0.7 

10.11.94 

Hazard 

Residential 

NO 

0.053 

0.072 

.125 

0.97 

om 

0.40 

2.8 

0.43 

4.6 
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Risk-based remedial goals for the COCs at SWMU 3 for soil and groundwater are presented in 

Tables 10.11.26 and 10.11.27, respectively. Potential corrective measures are presented in 2 

Table 10.11.29. 3 

Medium 

Soil 

Groundwater 

Compounds 

Table 10.11.29 
ZoneG 

SWMU3 
Potential Corrective Measures 

Potential Corrective Measures 

Aroclor·l248. alpha-chlordane, and gamma
chlordane 

a) No action 
b) Excavate, offsife'disposal. and.monitoring 

Aluminum. Beryllium. Chromium. Thallium. 
Vanadium 

c) ContairuncntlCapping 
d} Ex-situ. cbcmiCalJphysical tRattnent 

a) No action 
b) Monitoring 
c) Ex-situ pbysicaVcbemical treaunent and discharge to POTW 
d) Ex-situ physical/chcmical treatment and discJ-.arge t..".rough 

NPDES pennitting 

10.11.95 
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10.12 SWMU 6, Public Works Storage Yard; SWMU 7, PCB Transformer Storage Yard; 
and AOC 635, Paint and Oil Storehouse, Building 3902 2 

All RFI sites, these sites were combined into one investigation due to their close proximity and 3 

their potential for similar COPCs. Known as the Public Works Storage Yard, SWMU 6 is an 4 

unpaved, open, fenced storage yard located north of Hobson Avenue, south of River Road, and 5 

Southeast of Thirteenth Street. Routinely generated containerized wastes (cleaning solvents and 6 

used motor oil from vehicle maintenance, along with wastes from building maintenance and pest 7 

control operations) were stored at this site prior to shipment offsite. The fenced area within 8 

SWMU 6 encompasses two other RFI sites associated with activities which took place in and 9 

around Building 3902. These are SWMU 7 and AOC 635. SWMU 7 consists of Building 3902, 10 

the concrete slab adjacent the building, and the surrounding areas which were used for storage of 11 

transformers and associated electrical equipment between 1970 and 1976. Transformers that were 12 

taken out of use were temporarily stored here prior to being shipped off base. Previous oil spills 13 

around the pad were evident during the RF A. AOC 635 consists of the paint and oil storehouse 14 

at Building 3902. The small steel storehouse was erected in 1942 on a 25 foot by 25 foot pad, and 15 

was used until 1976. Leaking transformers, old electrical equipment, paint cans and drums, used 16 

motor oil, paint solvents and plating wastes were stored there. The western parking lot was also 17 

a drum storage area. Building 3902 and its associated area lies within the fenced compound of 18 

SWMU6. 19 

10.12.1 Site Geology and Hydrogeology 20 

Figure 10.12-1 depicts the soil and groundwater sampling locations within this area. Appendix A 21 

contains the boring logs and the monitoring well construction diagrams for the seven previously 22 

installed wells at SWMU 6, 7 and AOe 635. Based un the monitoring well boring logs, the 23 

stratigraphy at the combined SWMU 6 generally consists of silt, silty clay, and clayey sand 24 

overlying poorly sorted sand and silt to approximately 15 ft bgs. In accordance with the work 25 

plan, no physical parameter samples were collected at the site. 26 

10.12.1 
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Zone G RCRA Facility Investigation Repon 
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Section iO - Site Specific Evaluations 
Revision: 0 

The groundwater elevation at the site is approximately 3.0 ft ms!. Figures 10.12-2 and 10.12-3 

depict the shallow groundwater potentiometric surface and inferred flow direction at low- and 2 

high-tide respectively. Minor differences in the static water levels and the overall flow pattern at 

the site were observed, the overall flow is to the east-southeast. However an area of low static 4 

elevation is observed in the area of well 006002. This low is most pronounced during high-tide. 5 

The horizontal hydraulic gradient of the eastern component of flow, based on Figure 10.12-3 is 6 

4. OE-03. Employing the geometric mean of the shallow horizontal hydraulic conductivity of 7 

2.1 ft/day and the effective porosity of 41 % the horizontal flow velocity was calculated at 8 

2.0E-02 ft/day. 9 

10.12.2 Field Investigation Approach 10 

The objective of the field investigation at SWMUs 6, 7 and AOC 635 was to: (1) confirm the 11 

presence or absence of contamination in the site area; (2) delineate any contamination found; and 12 

(3) provide sufficient data to support a detailed evaluation of treatment alternatives, if required. 13 

Media sampled within the investigation area included soil and groundwater. Section 3 of this 14 

report details the methods used during the field investigation. Included in this section are 15 

descriptions of the hollow stem auger drilling procedures used for shallow well installation; the 16 

hand-auger procedures used for soil sampling; groundwater sampling procedures; and 17 

miscellaneous procedures used during the field invesiigaiion. Also discussed are the analytical 18 

protocols for sample analyses. Appendix D contains the analytical data report for samples collected 19 

in Zone G. 20 

10.12.3 Soil Sampling and Analysis 21 

Pre-RFI soil sampling was performed in 1993 and included 41 soH borings. Table 10.12.1 22 

summarizes the 1993 sampling and analyses. The approved final RFI work plan proposed 23 

advancing six soil borings within the SWMUs 6,7 and AOC 635 area to confirm the presence of 24 

soil contamination from this site. Upper and lower interval soil samples were proposed from each 25 

10.12.3 
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Revision: 0 

Table 10.12.1 
Zone G 

SWMU 6,7 and AOC 635 
1933 Soil Samples and Analyses 

(Pre-RFI Samples) 

Boring Sample Sample Date 
Location Identifier Interval Collecled Analyses Remarks 

S06-BOI S06BOIOI Upper 9/21/93 Note 1 

S06-B02 S06B0201 Upper 9/21/93 Note I 
S06B0202 Lower 

S06-B03 S06B0301 Upper 9/21/93 Note 1 

S06-B04 S06B0401 Upper 9/21/93 Note I 
806B0402 Lower 

806-B05 S06B0501 Upper 9/22/93 Note 1 

S06-B06 S06B0601 Upper 9/22/93 Note I 

S06·B07 S06B0701 Upper 9/22/93 Note 1 
S06B0702 Lower 

806·B09 806B0902 Lower 10/27/93 Note 1 

S06-B12 S06B1202 Lower 10/20/93 Note 1 

S06-B14 806B1401 Upper 10/27193 Note 1 
S06BI402 Lower 

S06-B15 S06BI501 Upper 10/27/93 Note I 
S06BI502 Lower 

S06·B17 S06B1702 Lower 10/27/93 Note 1 

S06-B20 C'fl£U""tV"o 1 J T __ ~r 10/27/93 Note 1 JVUUkVVl upp"') 

S06B2002 Lower 

S06-B21 S06B2102 Lower 10126/93 Note 1 

S06·B25 S06B2501 Upper 10/27/93 Note 1 
S06B25ID* *Duplicate Sample 
S06B2502 Lower 

S06-B26 S06B2601 Upper 10127193 Note 1 
S06B2602 Lower 

S06·B27 S06B2702 Lower 10/27193 Note 1 *Duplicate Sample 
S06B272D* 

S06-B29 806B2902 Lower 10127193 Note 1 

S06-B31 S06B3102 Lower 10/27/93 Note 1 

10.12.6 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evaiuations 
Revision: 0 

Table 10.12.1 
Zone G 

SWMU 6,7 and AOC 635 
1933 Soil Samples and Analyses 

(Pre-RFI Samples) 

Boring Sample Sample Date 
Location Identifier Interval Collected Analyses Remarks 

806-B32 S06B3202 Lower 10/27/93 Note I 

S06-B33 S06B3302 Lower 10/2793 Note I 

B07-B03 S07B0301 Upper 10109/93 Note 1 
S07B03ID" *Duplicate Sample 
S07B0302 

B07-B04 S07B0401 Upper 10/09/93 Note 1 

S07-B05 S07B0501 Upper 10109/93 Note 1 

S07-B06 S07B0601 Upper 10/09/93 Note 1 

S07-B07 S07B0701 Upper 10/09/93 Note 1 

S07-B08 S07B0801 Upper 10/09/93 Note 1 

S07-B09 S08B0901 Upper 10/09/93 Note 1 

S07-BIO S07B1OOi Upper 10/09/93 Note I 

S07-BII S07B1101 Upper 10/09/93 Note 1 
S07B1102 Lower 

S07-B12 S07BI201 Upper 10/09/93 Note 1 

S07-B13 S07B1301 Upper 10/09/93 Note 1 
S07B1302 LoWer 

c"'I." .. n~.., .... r..* *n .. ~I;~n.n ~n ....... I~ 
"V/D~~"'U· ...... upu ... Q., ... v ... u.p ..... 

S07-B16 S07BI601 Upper 10/11/93 Note 1 

S07-B17 S07B1701 Upper 10/11/93 Note I 

S07-B18 S07BI801 Upper 10111/93 Note 1 
S07B I 802 Lower 

S07-B19 S07B1901 Upper 10111/93 Note 1 
S07B19ID" "Duplicate Sample 

S07-B21 S07B2101 Upper 10111/93 Note I 

S07-B22 S07B2201 Upper 10111193 Note I 
S07B2202 Lower 

10.12.7 



Boring 
Location 

S07·B23 

S07·B24 

S07·B37 

Notes: 
I 

Sample 
Identifier 

S07B2301 
S07B23lD' 

S07B2401 
S07B2402 

S07B3701 
S07B3702 

Table 10.12.1 
ZoneG 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section iO - Site Specific Evaiuations 
Revision: 0 

SWMU 6,7 and AOC 635 
1933 Soil Samples and Aoalyses 

(Pre-RFI Samples) 

Sample Date 
Interval Collected Aoalyses Remarks 

Upper 10111193 Note I 
*Duplicate Sample 

Upper 10111193 Note I 
Lower 

Upper 10/13/93 Note I 
Lower 

SW·846 (metals, pesticides/PCBs, SYOCs, YOCs) at DQO Level III 
Duplicate sample 

boring. During the field investigation, six soil borings were advanced within the site area. Two 

borings included both upper and lower sampling intervals, while four borings included the upper 2 

interval only. Where not collected, the lower interval sample was deleted due to obstructions in 3 

the borehole. Per the approved final RFI work plan, soil samples were analyzed for metals, 4 

pesticides/PCBs, SVOCs and VOCs at DQO Level m. Additionally, two upper interval duplicate 5 

soil samples were collected for Appendix IX analyses at DQO Level IV. Table 10.12.2 6 

summarizes the SWMUs 6, 7 and AOC 635 RFI soil samples and analyses. 7 

Boring Sample 
Location Identifier 

OO6SBool 006SBooIOI 
006SBOO102 

OO6SB002 OO6SB00201 
OO6CB00201 * 

OO6SB003 OO6SB00301 

OO6SBOO4 OO6SB00401 
OO6SB00402 

Table 10.U.2 
ZoneG 

SWMUs 6, 7 and AOC 635 
Soil Samples and Analyses 

Sample Date 
Interval COUected 

Upper 9/19196 
Lower 

Upper 9119196 

Upper 91191% 

Upper 9119196 
Lower 

10.12.8 

Analyses 

Note 1 

Note 1 
Note 2 

Note 1 

Note 1 

Remarks 

Lower interval not sampled 
due to obstruction 



Boring 
Location 

007SBOOI 

635SBOOI 

Noles: 

Sample 
Identifier 

007SBOOI01 

635SB00501 

Table lO.U.2 
ZoneG 

SWMUs 6, 7 and Aoe 635 
Soil Samples and Analyses 

Sample 
Interval 

Upper 

Upper 

Date 
Collected 

10/03/96 

10/03/96 

1 SW·846 (metals, pesticides/PCBs, SVOCs, VaCs), Level III 

Zone G RCRA Facility Investigation Repon 
NA VBASE CharleslOn 

Sectioii 10 - Site Specific Evaluations 
Revision: 0 

Analyses 

NOleS liz 

Note 1 

Remarks 

Lower interval not sampled 
-due to obstruction 

Lower interval Dot sampled 

2 Appendix IX suite: SW-846 (metals. pesticides/PCBs. herbicides. OP-pesticides, dioxins, SVOCs, VOCs); cyanide; hex-chrome. 
Level IV 
Duplicate sample collected 

10.12.3.1 Nature of Contamination ill Soil 

Organic and inorganic analytical results for the 1993 pre-RFI soil samples are summarized in 2 

Tables 10.12.3 and 10.12.4 respectively. Organic and inorganic analytical results for RFI soil 3 

samples are summarized in Tables 10.12.5 and 10.12.6 respectively. Table 10.12.7 summarizes 4 

all analytes detected in soil samples collected during the two investigations the combined 5 

SWMUs 6, 7 and AOC 635. Appendix D contains a complete analytical data report for all of 6 

Zone G samples. 7 

Volatile Organic Compounds in Soil 8 

Nine VOCs were detected in surface soil at the combined SWMUs 6, 7 and AOC 635, along with 9 

seven VOCs detected in subsurface soil. No surface or subsurface soil VOC concentrations 10 

exceed their respective RBCs or SSLs. II 

10.12.9 
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Semivolatile Organic Compounds in Soil 

Zone G RCRA Facility Investigation Report 
NAVBASE Charleston 

Section 10 - Site Spec~fic Evaluatio!1..5 
Revision: 0 

Twenty-seven SVOCs were detected in surface soil at the combined SWMUs 6,7 and AOC 635. 2 

Benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, Indeno(1,2,3-cd)pyrene and 3 

dibenz(a,h)anthracene exceeded their respective RBCs in surface soil samples at this site. 4 

Figure 10.12-4 presents total BEQ concentrations detected in surface soil. 5 

Twenty-one SVOCs were detected in subsurface soil. Benzo(a)anthracene and carbazole exceeded 6 

their respective SSLs at this site. Figure 10.12-5 presents benzo(a)anthracenes, distribution in 7 

subsurface soil. Figure 10.12-6 presents cabazole distribution in subsurface soil. 8 

Pesicides and PCBs in Soil 9 

Sixteen pesticides were detected in surface soil at the combined SWMUs 6, 7 and AOC 635. Of 10 

these, 4,4'-DDE, 4-4'-DDD, 4,4'-DDT, alpha-BHC, beta-BHC, delta-BHC, gamma-BHC, 11 

alpha-chlordane, gamma-chlordane and heptachlor exceeded their respective RBCs. 12 

Figures 10.12-7 through 10.12-16 present 4,4'-DDE, 4,4'-DDT, alpha-BHC, beta-BHC, 13 

delta-BHC, gamma-BHC, alpha-chlordane, gamma-chlordane, and heptachlor, respectively in 14 

surface soil at SWMUs 6, 7 and AOC 635. 15 

Two PCBs, Aroc1or-1254 and Arclor-1260 were detected in surface soil at concentrations 16 

exceeding their respective RBCs. Figures 10.12-17 and 10.12-18 present Aroclor-1254 and 17 

Aroclor-1260 distributions respective in surface soil. 18 

Six pesticides were detected in subsurface soil. Of these, only delta-BHC exceed its SSL. 19 

Figure 10.12-19 presents delta-BHe concentrations in subsurface soil at S\V!vlUs 6, 7 and 20 

AOC 635. Aroclor-1260 was also detected in subsurface soil at a concentration below its 21 

respective SSL. 22 

10.12.104 
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Other Organic Compounds in Soil 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleslon 

Section /0 - Site Spec£fic Evaluations 
Revision: 0 

Dioxin (2,3,7,8-TCDD TEQ) was detected in two surface soil duplicate samples. Dioxin was 2 

detected at a concentration above the RBC for this parameter at one location. Figure 10.12-20 3 

presents dioxin in surface soil at SWMUs 6, 7 and AOC 635. 4 

Inorganic Elements in Soil 5 

Twenty-four metals were detected in surface soil at the combined SWMUs 6,7 and AOC 635 site. 6 

Antimony, arsenic, chromium, lead, manganese, thallium and vanadium were detected at 7 

concentrations exceeding their respective RBCs and Zone G background concentrations for surface 8 

soil. Figures 10.12-21 through 10.12-27 present antimony, arsenic, chromium, lead, manganese, 9 

thallium, and vanadium concentrations in surface soil. Iron was also detected above its RBC. 10 

However, because iron is considered an essential nutrient no background concentration was II 

established. 12 

Twenty metals were detected in subsurface soil. Arsenic and mercury exceeded their respective 13 

SSLs and Zone G background concentrations for subsurface soil. Figure 10.12-28 presents arsenic 14 

concentrations in subsurface soil. Figure 10.12-29 presents mercury concentrations in subsurface 15 

soil. 16 

10.12.4 Groundwater Sampling and Analysis 17 

The approved final RFI work plan called for redeveloping and sampling seven existing shallow 18 

monitoring wells within the site area to identify contaminants which may be migrating from the 19 

site in the shallow aquifer. During the field investigation, seven existing monitoring wells were 20 

a- r'~lu-a-I"IY-- I-t:-u~t:--v-t:-I'u-nt:-u~ i1--"U~ <i1"l-lln',PU~. "1'1." ........... n ....... I ... w"""" .. "" ; ........ ., 11.<:>A ..... ." ................ v~m"' .. ""hr 1"" .ft hlTC" in thp ., 1 ... r "" r.... .1UI,;;)~ W~l.'" VVI.,...11.,.. .llL:)L.QUt..U a ... "Pp.VAJ. J.J.u. ....... J.] .La.. .... '-',5.:1 au LI..l..... "'~ 

upper sand layer of the Wando Formation. In accordance with the approved final RFI work plan, 22 

groundwater samples were analyzed for metals, pesticides/PCBs, SVOCs and VOCs at DQO 23 

Level m. Additionally, one groundwater duplicate sample was collected for Appendix IX 24 

10.12.121 
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Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evalualion.~ 
Revision: 0 

analyses at DQO Level IV. Table 10.12.8 summarized the groundwater sampling and analyses 

for the previously sampled SWMU 6 wells. Table 10.12.9 summarizes groundwater samples and 2 

analyses performed for the RFI. 3 

Well Number 

006001 

006002 

006003 

006004 

006005 

006006 

006007 

Notes: 
I 

WeD Number 

006001 

006002 

006003 

006004 

006005 

060006 

006007 

Notes: 
I 
2 

, 

Table 10.12.8 
ZoneG 

SWMU 6, 7 and AOC 635 
1993 Groundwater Samples and Analyses 

(Pre-RFl Samples) 

Well Depm Sampie identifier Daie Sampied 

Shallow S06WOIOI 11110/93 

Shallow S06W0201 11110/93 

Shallow S06W0301 11110/93 

Shallow S06W0401 llIID/93 

Shallow S06W0501 11110/93 

Shallow S06W0601 11110/93 
S06W06ID' 

Shallow S06W0701 1111193 

SW-846 (metals, pesticides/PCBs, SVOCs. VOCs) at DQO Level III 
Duplicate sample 

Well Depth 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow 

Shallgw 

Table 10.12.9 
ZoneG 

SWMUs 6, 7 and AOC 63S 
Groundwater Samples and Analyses 

Sample Identifier Date Sampled 

00600101 11114/% 

00600201 11114/96 

00600301 11114/96 

00600401' 111141% 

00600501 11114/% 

00600601 11114/96 

1)'W!Q7O' t 1I'4tg(j 

SW-846 (metals, pesticides/PCBs, SVOAs. VOAs). DQO Level III 

Analyses Remarks 

Note I 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 
*Duplicate Sample 

Note 1 

Analyses Remarks 

Note 1 

Note I 

Note 1 

Notes 112* 

Note 1 

Note 1 

Note t 

Appendix IX suite: SW-846 (metals, pesticides/PCBs, herbicides, OP pesticides, dioxins, SVOAs, VOAs); cyanide; hex
chrome. At DQO Level IV 
Duplicate sample collected 

10.12.132 



10.12.4.1 Nature of Contamination in Groundwater 

Zone G RCRA Facility Investigation Report 
NAVBASE Charleston 

Section IO - Site Spec(fic Evaluations 
Revision: 0 

Organic analytical results for the RFI groundwater samples are summarized in Table 10.12.10. 2 

Inorganic analytical results for the RFI groundwater samples are summarized in Table 10.12.11. 3 

Table 10.12.12 summarizes all analytes detected in groundwater at SWMUs 6, 7 and AOC 635 4 

during both investigations. Appendix D contains a complete analytical data report for all Zone G 5 

samples. The following nature discussion, fate and transport and HHRA use the RFI data only. 6 

The 1993 data is presented for comparison. 7 

Volatile Organic Compounds in Groundwater R 

No VOCs were detected in shallow groundwater samples from SWMUs 6, 7 and AOC 635. 9 

Semivolatile Organic Compounds in Groundwater 10 

Two SVOCs were detected in shallow groundwater samples from SWMUs 6,7 and AOC 635, 11 

pentachlorophenol was detected at a concentration exceeding its tap water RBC. Figure 10.12-30 12 

presents pentachlorophenol concentrations in groundwater at the combined SWMUs 6, 7 and 13 

AOC 635. 14 

Pesticides and PCBs in Groundwater 15 

No pesticides or PCBs were detected in shallow groundwater at SWMUs 6, 7 and AOe 635. 16 

Inorganic Elements in Groundwater 17 

Nineteen metals were detected in shalIow groundwater samples at the combined SWMUs 6, 7 and 18 

AOC 635. Concentrations of arsenic, barium, and beryllium exceeded their respective tap water 19 

RBCs and Zone G shallow groundwater background concentrations. Figures 10.12-31 through 20 

10.12-33 present arsenic, barium, and beryllium concentrations respectively in shalIow 21 

groundwater. Iron was detected above its tap water RBC but because it is considered an essential 22 

element, no background was established. 23 

10.12.133 
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10.12.5 Fate and Transport Assessment 

Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10 - Site Spectfic Evaluations 
Revision: 0 

These sites were combined into one investigation due to their close proximity and their potential 2 

for similar COPCs. Known as the Public Works Storage Yard, SWMU 6 is an unpaved, open, 3 

fenced storage yard located north of Hobson Avenue, south of River Road, and southeast of 4 

Thirteenth Street. The fenced area within SWMU 6 encompasses two other RFI sites associated 5 

with activities which took place in and around Building 3902. SWMU 7 consisted of Building 6 

3902, the concrete slab adjacent to the building, and the surrounding areas which were used for 7 

storage of transformers and associated electrical equipment between 1970 and 1976. AOC 635 8 

consists of the paint and oil storehouse at Building 3902. 9 

10.12.5.1 Soil-to-Groundwater Cross-Media Transport to 

Table 10.12.13 compares maximum detected organic constituent concentrations in surface soil and 11 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 12 

For inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based soil 13 

screening levels or (b) background concentrations. To provide a conservative screen, generic soil 14 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20: I, 15 

with no attenuation of constituents in soil (DAF=20). 16 

Sixteen organic compounds exceeded SSLs in bot..1-t surface and subsurface soil. Eight of t-hese 17 

were SVOCs and the remainder were pesticides or PCBs. Of the eight species of SVOCs, only 18 

two (see Table 10.12.13) exceeded the applicable SSLs in subsurface soil. Of the eight species 19 

of pesticides and PCBs, only one-delta BHC- was greater that the applicable SSL in subsurface 20 

soil. Both the nature and distribution of organic contamination in soil is consistent with past site 21 

activities, narneiy storage of various types of wastes which likely resulted in unavoidable surface 22 

releases. The vertical distribution of contamination is remarkable in the attenuation of 23 

contaminants as a function of depth within the soil colulTlll, a trend that is to be expected with 24 

surface releases and with the types of contaminants involved. Notably, of all of the compounds 25 

10.12.150 



Table 10.12.13 
Chemicals Detected m Surface Soil, Subsurface Soil, and Shallow Groundwater 
Comparison to SSLs. Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations 

NAVBASE Charleston, Zone G: SWMUs 6 and 7 and AOC 63S 
Charleston, South Carolina 

• y~ ...... cnc..-n .. "":.:cn .u~. ~ .. ¥_ •• ____ • "--'------c -- ------ -
, , . ~""",,,;na rnn~tntinn .. 

Soil to Saltwalc< 

Surface Subsurface Shallow Deep OW Tap Water Surf. Wtr. Soil 

Parameter Soil Soil OW OW SSL RBC Chronic Units 

Volatile Orcan1c Compounds 

""'tone 2100 1200 ND NA 16000 3700 NA U<>KG 

2-Butanone 13 93 ND NA 7900 1900 NA U<>KG 

Carbon disulfide 26 60 ND NA 32000 1000 NA U<>KG 

Chlorobcnzene 160 4<0 ND NA 1000 39 10' U<>KG 

I.I-Dichlorocthane 37 ND ND NA 23000 810 NA U<>KG 

T etrachloroethcne 11 ND ND NA 60 1.1 NA U<>KG 

Toluene 10 3.9 ND NA 12000 7'0 37 U<>KG 

l,t,l-Trichloroethane 240 3.9 ND NA 2000 540 NA UGKG 

Xylene (Total) '7 24 ND NA 148000 12000 ND UG1(G 

Semlvolatlle Oreanlc Compounds 
Accnaphthene 3400 610 2 NA ~70000 2200 9.7 UG/KG 

Accnaphthylene 11000 140 ND NA 293000 1500 NA UOO<G 

Anthncene 14000 1700 ND NA 12000000 11000 NA U""G 

Bcnzo(g,h,i)perytene 3100 1200 ND NA 4.66E+08 1500 NA U""G 

Bcnzo(a)pyrene equivalents 
Bcnzo( a)anthracene 14000 2700 ND NA 2000 0.092 NA U""G 

Bcnzo(a)pyrene 10000 2200 ND NA 8000 0.0092 NA u""o 
Bcnzo(b )fluoranthcne 13000 2800 ND NA SOOO 0.092 NA U""G 

Benzo(k)fluoranthene '200 1100 ND NA 49000 0.92 NA U<>KG 

Chrysene 11000 2400 ND NA 160000 9.2 NA U""G 

Dibcnzo( a,h)anthraccne 1300 380 ND NA 2000 0.0092 NA U""G 

Indeno( l,2,3-cd)pyrene 6000 1300 ND NA 14000 0.092 NA UG/KG 

Bis(2-Ethylhexyl)phthalate (BEHP) 1600 180 ND NA 3600000 4.8 NA U<>1(G 

Carbazole 4800 720 ND NA 600 3.4 NA U<>KG 

Dibenzofuran 7900 640 ND NA 240000 150 NA U""G 

Di-n-butylphthalate 48.~ 98 ND NA 2300000 3700 3.4 U""G 

l,2-Dich10r0bcnzene 9200 ND ND NA 17000 64 NA U""G 

1.4-Dichlorobcnzene 10000 ND ND NA 2000 0.44 19.9 U<>KG 

3.3'-Dichlorobenzidme 82 ND ND NA 7 0.15 NA U<>KG 

Fluoranthenc 24000 6000 ND NA 4300000 ISOO 1.6 U<>KG 

Fluorene 14000 1500 ND NA S60000 ISOO NA U<>1(G 

2-Mcthylnaphthalene ISOOO 3'0 ND NA 126000 1500 NA U<>KG 

Naphthalene 16000 430 ND NA 84000 1500 23.' U<>KG 

Pentachlorophenol 2900 ND 2 NA 30 0.~6 7.9 UG/KG 

Phenanthrene 30000 6600 ND NA 1380000 1500 NA U""G 

Py.cne 30000 S200 ND NA 4200000 1100 NA U<>KG 

1.2,4-Trichlorobenzene 17000 ND ND NA ~OOO 190 NA U<>KO 
., 1. 11. F.._T .. "· ..... hl" .. " .. h .... ,,1 120 NA NO NA 9Q00 1100 NA !Jao/.G -.-, ',- . ---_. __ ._,. .. _ .. _. 

PesticldHlPCB Compounds 
Aroclor-1254 26000 ND ND NA 1000 0.034 uoow 
Aroclor-1260 510000 930 ND NA 1000 0.034 0.03 UG/KG 

alpha-BHC 39000 ND ND NA 0.' 0.011 1400 UG1(O 

beta-BHC 3800 ND ND NA 3 0.037 NA UOMG 
delta-BHC 28000 119 ND NA 3 0.037 NA U<>KG 

gamma-BHC (Lmdane) 76000 ND ND NA 9 0.052 0.016 U""G 
alpha-Ch1ordane 7100 73.6 ND NA 10000 0.19 0.004 UOMG 

gamma-Chlordane 7400 99.7 ND NA 10000 0.19 0.004 U""G 
A A' nnn 82000 132S tID NA 16000 no. 0.02S tiQlKG ....... - .... .., ...... V.",O 

4.4'-DDE 4900 186.5 ND NA 54000 0.2 0.14 U""G 
4.4'-DDT 100000 687 ND NA 32000 0.2 0.00] UOMG 

Endosulfan I 2.6 ND ND NA 18000 220 NA UG/KG 

Endosulfan Sulfate 6 ND ND NA 18000 220 NA UG/KG 

Endrin 160 ND ND NA 1000 11 0.0023 UG/KG 

Endrin Aldehyde 21 ND ND NA 1000 11 NA U<>KG 

Endrin Ketone ND 11 ND NA 1000 11 NA U""G 
Heptachlor 1100 ND ND NA 23000 0.0023 0.0036 u""o 
Heptachlor cpoxide 37 ND ND NA 700 0.0012 0.0036 U""O 

Ground- Mac, II 
W...,. W...,. 

W ..... Leaching Migration Migration 

Units Potential Concern Concern 

UGIL NO NO NO 
UGIL NO NO NO 
UGIL NO NO NO 
U""- NO NO NO 
u""- NO NO NO 
UGIL NO NO NO 
u""- NO NO NO 
UGIL NO NO NO 
uon. NO NO NO 

UGIL NO NO NO 
u""- NO NO NO 
UGIL NO NO NO 
UG~ NO NO NO 

u""- YES NO NO 
u""- YES NO NO 
UGIL YES NO NO 
u""- NO NO NO 
u""- NO NO NO 
UGIL NO NO NO 
UGIL NO NO NO 
uon. NO NO NO 
u<>!. YES NO NO 
u<>!. NO NO NO 
UGIL NO NO NO 
UGIL NO NO NO 
u""- YES NO NO 
UGIL YES NO NO 
u""- NO NO NO 
UGIL NO NO NO 
UGIL NO NO NO 
UGII. NO NO NO 
UGIL YES YES NO 
u""- NO NO NO 
u""- NO NO NO 
u""- YES NO NO 
UGlt NO NO NO 

uoc YES NO NO 
uoc YES NO NO 
"""- YES NO NO 
u""- YES NO NO 
uoo. YES NO NO 
u""- YES NO NO 
u""- NO NO NO 
u""- NO NO NO 
UGI-.. YES NO NO 
uo~ NO NO NO 
uoo. YES NO NO 
UGIL NO NO NO 
uoo. NO NO NO 
UGIL NO NO NO 
UGIL NO NO NO 
"""- NO NO NO 
uoc NO NO NO 
u<>!. NO NO NO 



Table 10.12.13 
Chemicals Detected in Surface Soil., Subsurface Soil. ... d Shallow Groundwater 
CompariJon to SSLa, Tap Water RBCI, Saltwater Surface Water Chronic Screening Levels, ... d Background Concentrations 
NAVBASE CharlClton. Zone G: SWMU.6 ... d 7 ... d AOC 635 
Charleston. South Carolina 

I .. ... .u~ .....cn.c..""ntr:!::cn ... " • •• ~'C. L...O!!~~t!'!L!Q!'! ,-~.!..1!g . ..oncen on 
Soil to Saltwater 

Surface Subsurface ShaUow Deep OW Tap Water Surf. Wtr. Soil 
Parameter Soil Soil OW OW SSL RBC Chrom, Units 

!Methoxychlor 22 NO NO NA 160000 180 0.03 U"",O 

Diodn Compounds 
!v;oxm (TCDD TEQ) 1021 NA NA NA 1900 O.4S 10 N<>1<O 

Inor:anlc Compounds 
Aluminum }3300 32300 2400 NA 1000000 37000 NA ... <>1<0 

Antimony 7.S NO NO NA S IS NA "''''''0 
Ancm, 38 43 269 NA 29 18.7 36 MG'KG 

Barium 170 S6.6 302 NA 1600 2600 NA ... <>1<0 

Beryllium L1 1.7 1.4 NA 63 1.2 NA ... <>1<0 

Cadmium 2.7 NO NO NA 8 18 9.3 ... <>1<0 

Chromium (total) 68 SS 9.2 NA 1000000 180 50 MG'KG 

Cobalt 26 11 4.S NA 2000 2200 NA ... <>1<0 
eq,pe.- S40 126 NO NA 920 130000 8.33 "''''''0 
Lead 1000 131 7 NA 400 IS 8.S "''''''0 
lManganese 580 1000 1610 NA 1100 2S60 NA ... <>KO 
M"",'"1' 0.56 4 0.1 NA 2.1 11 0.02S "''''''0 
Nickel 24 26 SS.1 NA 130 730 21.7 """"0 
Selenium 1.6 2.4 S.3 NA S 180 71 ... <>KO 
Silver 2.S NO S.9 NA 34 180 2.9 "'''''0 
Thallium 0.89 NO NO NA 0.9S 2.9 21.3 "'''''0 
TID 8.3 14.4 NO NA 11000 22000 NA ... <>1<0 
Vanadium 66 91 13.5 NA 6000 260 NA ... <>1<0 
Zinc 930 232 49.9 NA 12000 11000 86 ... <>1<0 

• Screening Concentrations: 

Wale< 

Units 

U<>L 

PG1. 

UGIL 

001. 

UGIL 

uoo. 
UG1. 

uoo. 
U""-
uoo. 
U<>L 

uoo. 
uoo. 
uoo. 
UGIL 

U<>L 

U<>L 

UG1. 

UGIL 

U<>L 

UGIL 

Soil to OW - Generic SSLs based on DAF = 20, from 1996 Soil Screening Guidance or calculated using values from Table 6.4 
Tap Water RBC - From EPA Region 111 Risk-Based Concentration Table, October 22, 1997 

Gro d om - sun"" i 
Wale< Watc< 

Leaching Migration Migration 
Potential Conoem Conoem 

NO NO NO 

NO NO NO 

NO NO NO 
YES NO NO 
YES YES YES 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 

YES NO YES 
NO NO YES 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Salt Water Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region IV Bulletins. Ecological Riak Assessment. November. 1995; Table 2 
For inorgarucs, the value shown is the greater of the relevant screening value or the cotTeIponding background value. 

NA· Not availablcINotapplicable 
ND - Not detected 
RBC - Risk based concentration 

SSL . Soilscrcening level 
MGIKG . Milligrams per kilogram 
NGIKG . Nanograms per kilogram 
PG.IT~ - Piccgr:un: per !iter 
UGIKG - Micrograms per kilogram 
UGil.· Micrograms per liter 
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which exceeded the SSLs, only pentachlorophenol was detected in shallow groundwater. The 

occurrence of pentachlorophenol in groundwater is notable because a) its dissolved concentration 2 

was greater than the tap water RBC and b) it was not present in subsurface soil. However, as will 3 

be discussed, this organic was not detected in groundwater during the third-quarter sampling event, 4 

invalidating the soil-to-groundwater migration pathway for pentachlorophenol. 5 

Seven inorganic analytes (Table 10.12.13) were present in soil above applicable screening values. 6 

Of these, only two arsenic and mercury were present above SSLs in subsurface soil. A number of 7 

these analytes could conceivably be attributed to past site activities. For example, the presence of 8 

lead, nickel, and silver could be associated with waste oils and/or transformer fluid, and the presence 9 

of arsenic could be associated with arsenate-based pesticide wastes. Overall, the general distribution 10 

exhibits a decrease in concentration with depth. The till material used to reclaim NAVBASE has 11 

consistently shown a number of these inorganic analytes to be common constituents, and therefore 12 

consideration that at least some of these represent site specific ambient conditions should be 13 

evaluated. 14 

Overall, the soil-to-groundwater pathway appears to have some merit with respect to arsenic and 15 

mercury. The lack of other constituents which exceeded SSLs in subsurface soil and/or 16 

groundwater indicated that this pathway for those inorganics is not expected to be significant. 17 

10.12.5.2 Soil-to-Air Cross-Media Transport 18 

Table 10.12.14 lists the VOCs detected in surface soil samples collected at SWMU 6, SWMU 7, 19 

and AOC 635, along with the corresponding soil-to-air volatilization criteria. Nine VOCs were 20 

npjprtpn in thl"<llrf~(", .oil .~mnle. collected at thi. ~ite. hut none exceeded the corresnondim' soil- 21 ----------------------------r------------------------,---------- --------- ---- ------r---- --"" 

to-air volatilization screening levels. Consequently, the soil-to-air migration pathway is 22 

insignificant at SWMU 6, SWMU 7 and AOe 635. 23 
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Table 10.12.14 
Soil-to-Air Volatilization Screening Analysis 
NA VBASE Charleston, Zone G: SW"MU 6, SWMU 7 and AOe 635 
Charleston, South Carolina 

Maximum 
Concentration Soil to 

in Surface Air 
VOCs Soil SSL* 

Acetone 2100 100000000 
2-Butanone (MEK) 13 10000 
Carbon disulfide 26 720000 
Chlorobenzene 160 130000 
I,I-Dichloroethane 37 1300000 
~etrachloroethene 11 11000 
~oluene 10 650000 
1,1,1-Trichloroethane 240 1200000 
peylene (total) 57 410000 

Exceeds 
Units SSL 

UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 

• - Soil screening levels for transfers from soil to air were obtained from USEP A Soil 
Screening Guidance, Tecimicai Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region III Risk-Based Concentration Table, June 1996. Value for 2-butanone 
was estimated. 

NA - Not available 
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Groundwater-to-Surface Water Cross-Media Transport 

Table 10.12.13 compares maximum detected organic constituent concentrations in shallow 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 

greater of (a) risk-based drinking water concentrations, or (b) background concentrations for 

groundwater, as well as to the saltwater surface water chronic values. To provide a conservative 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison to 

the relevant standards. 

Only one organic constituent - pentachlorophenol - exceeded an RBC and/or surface water 

screening criteria. By the third-quarter sampling event, this compound was not detected, thereby 

invalidating this pathway for this constituent. 

Five inorganics exceeded an RBC and/or surface water screening criteria. Arsenic and beryllium 

were detected above applicable RBC values; by the third-quarter, beryllium was not detected 

above the RBC, but arsenic was exceeded in four wells and showed an overall increase in 

groundwater site-wide. Arsenic, mercury, nickel, and silver all exceeded surface water screening 

values, but were either non-detect or belo\v screening criteria by t..lte th.ird-quarter. Potential 

sources for these analytes were presented in the soil-to-groundwater pathway discussion. 

The risk -based pathway for groundwater (exposure to a receptor through consumption) has some 

merit based on arsenic, but is invalidated through non-use of the resource. The surface water 

inorganics, but by the third-quarter is only valid for arsenic. The nearest surface water receptor 

is the Cooper River, approximately 200 feet northeast of the site. Groundwater flow direction, 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

" ., 

22 

23 

at least during low-tide, from the site is essentially parallel to the trend of the river. Given that 24 
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the Cooper River is strongly influenced by tidal stage, it is very likely that head differential 

between groundwater and surface water will be large enough to hydraulically indicate discharge 2 

to the river. Consequently, this pathway has merit; however, significant concentration reduction 

of arsenic through dilution upon discharge will occur, and can be tested empirically through 4 

collection of surface water samples. 5 

10.12.5.4 Fate and Transport Summary 6 

A number of organic and inorganic constituents were present above applicable SSLs. With a few 7 

exceptions, attenuation of organics was remarkable with depth, and only one - delta BHC - 8 

exceeded its SSL in subsurface soil. However, this pathway is not expected to be significant 9 

because delta BHC was not detected in groundwater. Significant trends in the vertical distribution to 

of inorganics, several of which exceeded SSLs in surface soil, are not immediately evident, but II 

only arsenic is above its SSL in subsurface soil. The source of inorganics is not clear, and their 12 

occurrence may be related to the non-native fill material on the surface of the site. Arsenic was IJ 

also present in groundwater above screening levels, thereby validating the pathway for arsenic. 14 

Only one organic - pentachlorophenol - was present above screening levels in groundwater, but 15 

was not detected by the third-quarter sampling event. Only arsenic and beryllium were present 16 

above tap water RBCs, and arsenic, mercury, nickel, and silver \vere present above surface 'Hater 17 

screening criteria. Of these, only arsenic remained above the tap water RBC and surface water 18 

screening criteria by the third-quarter. Additionally, it is likely that groundwater discharge to the 19 

Cooper River occurs during a complete tidal cycle, thereby validating the pathway. However, 20 

dilutional effects of discharge will occur, and can be tested empirically through collection of 21 

surface water saInples. 22 
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Nine VOCs were detected in the surface soil samples collected at this site, but none exceeded the 

corresponding soil-to-air volatilization screening levels. Consequently, the soil-to-air migration 2 

pathway is insignificant at SWMU 6, SWMU 7 and AOC 635. 

10.12.6 Human Health Risk Assessment 4 

10.12.6.1 Site Background and Investigative Approach 5 

SWMU 6 is the Public Works Storage Yard, SWMU 7 is the PCB transformer storage yard at 6 

Building 3902, and AOC 635 is the paint and oil storehouse at Building 3902. These sites are 7 

located north of Hobson A venue and south of River Road. The RFI activities were centered around 8 

the containerized waste storage at SWMU 6, PCB transformer storage at SWMU 7, and the paint 9 

and oil storage at AOC 635. The following refers to these sites as combined SWMU 6. 10 

During the RFI, a total of six soil borings were advanced from both the upper and lower intervals 11 

to confirm impacts identified during a 1993 sampling event. During the 1993 sampling event. a 12 

total of 42 soil borings were advanced in the upper interval. Surface soil data was used to 13 

quantitatively assess the direct contact soil exposure pathways. Indirect exposures to contaminants 14 

reported in subsurface soil via cross media transfer were assessed in the previous section, Fate and 15 

Transport Assessment for combined SWMU 6. Seven monitoring wells that were installed in the 16 

shallow aquifer during the 1993 sampling event were redeveloped and sampled during the P'-&PI. 17 

Data from the initial RFI sampling event for each well were used to quantitatively assess 18 

groundwater exposure pathways. Sections 10.12.3 and 10.12.4 provide summaries of the 19 

sampling effort for combined SWMU 6 soil and groundwater. 20 

cope Identification 2i 

Soil 22 

Based on the screening comparisons described in Section 7 of this RFI and presented in 23 

Table 10.12.15, arsenic, Aroclor-1260, BEQs, delta-BHC, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, 24 
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dioxin equivalents, manganese, and thallium were identified as COPCs for surface soil. In 

addition to these COPCs, antimony, Aroclor-1254, alpha-BHC, beta-BHC, gamma-BHC, alpha- 2 

chlordane, gamma-chlordane, chromium, heptachlor, lead, and vanadium were identified as 3 

COPCs based on the 1993 data. Table 10.12.16 summarizes 1993 surface soil data. Aluminum 4 

and beryllium were detected at maximum concentrations exceeding their RBCs but not exceeding 5 

their background concentrations. Therefore, these inorganics were eliminated from further 6 

consideration in the combined SWMU 6 HHRA. Wilcoxon rank sum test anaiyses did not resuit 7 

in the inclusion of any parameter that had been screened out on the basis of background 8 

concentration. 9 

Groundwater 10 

As shown in 10.12.17, arsenic, barium, beryllium, and pentachlorophenol were identified as 11 

COPCs in shallow groundwater for combined SWMU 6. Manganese was detected at maximum 12 

concentrations exceeding its RBC but not exceeding its background concentration. Manganese was 13 

therefore eliminated from further consideration in the combined SWMU 6 HHRA. Wilcoxon rank 14 

sum test analyses did not result in the inclusion of any parameter that had been screened out on 15 

the basis of background concentration. 16 

Exposure .. 4.ssessment 17 

Exposure Setting 18 

Combined SWMU 6 is a fenced area (approximately two acres) located in a moderately developed 19 

urban setting, approximately 300 feet southwest of the waterfront along the Cooper River. Except 20 

for the remaining concrete footing from Building 3902, the site is an open, unpaved area. All 21 

potable water is piovided through t..'1e city's water supply. Shallo\If groundwater at the site is not 22 

currently nor anticipated to be used in the future as potable or process water. 23 
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Potentially exposed populations are current and future site workers. hypothetical future site 2 

residents. and adolescent trespassers. Future site resident and site worker exposure scenarios were 3 

addressed quantitatively in this risk assessment. Current exposure to workers is discussed 4 

qualitatively in relation to the future workers and future residents. The hypothetical future site 5 

worker scenario assumes continuous exposure to surface soil conditions. Current site workers' 6 

exposure would be less than that assumed for the hypothetical future site worker scenario because 7 

of their limited soil contact (portions of the site are covered by concrete pads). Therefore. future 8 

worker assessment is considered to be conservatively representative of current site workers. 9 

Additionally. the perimeter fencing would inhibit the access of potential adolescent trespassers 10 

under a current use scenario. Since future use of the site is uncertain. the adolescent trespasser II 

was qualitatively addressed relative to the child resident. The future site resident scenario was 12 

built on the premise that existing buildings would be removed and replaced with dwellings. 13 

Exposure Pathways 14 

Exposure pathways for the hypothetical future site residents are dermal contact with surface soil. 15 

incidental ingestion of surface soils. and inhalation of dust borne contaminants eliminating from 16 

surface soil. The exposure pathways for current and future site workers are the same as those for 17 

the future site resident wiL.'i respect to soil. Uniform exposure \-vas assumed for an sample H~· 

locations. The groundwater pathway for the hypothetical future site residents and site workers 19 

is incidental ingestion of groundwater. No volatile COPC were identified for groundwater and. 20 

as a result. the inhalation pathway was not considered for combined SWMU 6. Table 10.12.18 21 

presents the justification for exposure pathways assessed in this HHRA. 22 
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Table 10.12.15 
Cnemical Present in Site Samp'es 
SWMU 6, SWMU 7, and AOC 635 - Surface Soif 
NAVSASE - Cnarleston, Zone G 
Cnarleston, Soutn Carolina 

Frequency Range 
of of 

Parameter Detection Detection 

PBC. 
Aroclor-1260 · 3 6 240 8600 

Carcinogenic PAHs 
S(a)P Equiv. · 5 6 285.25 3690 
Benzo(a)anthracene · 5 6 140 2650 
Benzo(b)fluoranthene · 4 6 180 3450 
Chrysene 5 6 150 3000 
Oibenz(a, h )anthracene · 5 6 56 655 
Indeno(1,2,3-cd)pyrene · 5 6 120 1450 
Benzo(k)fluoranthene 5 6 170 2700 
Benzo(a)pyrene · 5 6 180 2250 

TCOD Equivalents 
Dioxin Equiv. · 2 2 0.138 1021 
1234678-HpCDD 1 2 23200 23200 
1234878-HpCDF 1 2 24400 24400 
1234789-HpCDF 1 2 880 880 
123478-HxCDD 1 2 530 530 
123678-HxCDD 1 2 901 901 
123789-HxCDD 1 2 299 299 
234878-HxCDF 1 2 218 218 
123678-HxCDF , 2 88.4 68.4 
123478-HxCDF 1 2 1020 1020 
acDD 2 2 138 145000 
acDF 1 2 52200 52200 
12378-PeCDD 1 2 32.1 32.1 
12378-PeCDF 1 2 24.7 24.7 
2378-TCDD 1 2 15.7 15.7 
2378-TCDF 1 2 25 25 

Inorganics 
Aluminum (AI) 6 6 4715 13300 
Arsenic (As) · 6 6 4.1 17.3 
Barium (Ba) 6 6 26.7 63.7 
Beryllium (Be) 6 6 0.24 0.8 
Cadmium (Cd) 4 6 0.06 0.815 
Calcium (Ca) N 6 6 1945 21100 
Chromium (Cr) 6 6 10 25 
Cobalt (Co) 6 6 1.1 8.7 
Copper (Cu) 5 6 11.4 61.8 
Iron (Fe) N 6 6 6100 28000 
Lead (Pb) 6 6 12.35 138 
Magnesium (Mg) N 6 6 465 3310 
M~l"!g~I"!~" (WIn) · 6 6 22.4 568 
Mercury (Hg) 6 6 0.04 0.2 
Nickel (Ni) 5 6 3.4 9.65 
Potassium (K) N 6 6 254 1270 
Selenium (Se) 6 6 0.49 1.6 
Sodium (Na) N 2 6 622 1260 
Tnallium (TI) · 2 6 0.54 0.89 
Tin (Sn) 4 6 6.5 8.3 
Vanadium (V) 6 6 11.3 43.7 
7inc (Zn) 6 6 15.9 152 

Pesticides 
beta-SHe 2 5 18 24 
alpha-SHC 2 6 14 16 
delta-BHC · 2 6 120 200 
gamma-SHC (Lindane) 2 6 87.5 110 
aipna-Chlordane 3 6 4.1 425 
gamma-Chlordane 3 6 2.6 350 
4,4'-000 · 2 6 930 20000 
4,4'·DDE · 4 6 24 4900 
4,4'·DDT · 4 6 23 5450 
Endrin 1 6 160 160 
Heptachlor 1 6 18 18 
Heptachlor epoxide 1 6 4.3 4.3 

Average Range Screening Concentrations Number 

Detected of Exceeding 

Cone. SQl RBC Backl'lround Units RBC B.ad 

4813 65 86 320 NA UG/KG 3 

1385 970.62 970.62 88 NA UG/KG 5 
1084 420 420 880 NA UG/KG 3 
1074 380 420 880 NA UG/KG 1 
1230 420 420 88000 NA UGlKG 

248 420 420 88 NA UG/KG 3 
525 420 420 880 NA UGlKG 1 

1021 420 420 8800 NA UG/KG 
879 420 420 88 NA UG/KG 5 

511 NA NA 1000 NA NG/KG 1 
23200 1.74 1.74 NA NA NG/KG 
24400 0.432 0.432 NA NA NG/KG 

880 0.119 0.119 NA NA NG/KG 
530 0.295 0.295 NA NA NG/KG 
901 0.214 0.214 NA NA NG/KG 
299 0.223 0.223 NA NA NG/KG 
218 0.153 0.153 NA NA NG/KG 

68.4 0.12 0.12 NA NA NG/KG 
1020 0.165 0.165 NA NA NG/KG 

72569 NA NA NA NA NG/KG 
52200 0.362 0.362 NA NA NG/KG 

32.1 0.105 0.105 NA NA NG/KG 
24.7 0.094 0.094 NA NA NG/KG 
15.7 0.141 0.141 NA NA NG/KG 
25.0 0.19 0.19 NA NA NG/KG 

8495 NA NA 7800 18700 MG/KG 3 
10.4 NA NA 0.43 17.2 MG/KG 6 1 
36.9 NA NA 550 109 MG/KG 
0.43 NA NA 0.15 1.2 MG/KG 6 
0.37 0.05 0.05 3.9 1.07 MG/KG 

8034 NA NA NA NA MG/KG 
18.2 NA NA 39 42.8 MG/KG 
3.5 NA NA 470 6.6 MG/KG 1 

31.7 1.7 1.7 27000 260 MG/KG 
14983 NA NA NA NA MG/KG 

63.2 NA NA 400 181 MG/KG 
1145 NA NA NA NA MGlKG 

142 NA NA 180 325 .. ,..., .... ,... 
"''''''',,-.:::0 1 1 

0.095 NA NA 2.3 1.03 MG/KG 
6.4 1.5 1.5 160 20.6 MG/KG 
596 NA NA NA NA MG/KG 

0.999 NA NA 39 1.22 MG/KG 2 
941 213 394 NA NA MG/KG 

0.72 0.35 0.39 0.63 0.85 MG/KG 1 1 
7.5 1.4 2.1 4700 9.67 MG/KG 

24.9 NA NA 55 60.9 MG/KG 
82.0 NA NA 2300 519 MG/KG 

,. , 
~I.U 1.5 i.; 350 riA UGiKCi 
15.0 1.5 1.7 100 NA UG/KG 
160 1.5 1.7 100 NA UG/KG 2 

98.8 1.5 1.7 490 NA UG/KG 
193 1.5 1.7 1800 NA UG/KG 
171 1.5 1.7 1800 NA UG/KG 

10465 3.1 4.6 2700 NA UG/KG 1 
1656 3.1 3.2 1900 NA UG/KG 1 
1933 3.1 3.2 1900 NA UG/KG 2 
160 2.9 29 2300 NA UG/KG 

18.0 1.5 15 140 NA UG/KG 
4.3 1.5 15 70 NA UG/KG 



Table 10.12.15 
Chemical Present in Site Samples 
SWMU 6, SWMU 7, and AOC 635 - Surface Soil 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Frequency Range 
of of 

Parameter Detection Detection 

Semivolatile Organics 
iAcenaphthene 2 6 580 
~~naPhthyiene 3 6 57 

nthracene 3 6 530 
Benzo(g,h,i)perytene 5 6 140 
Dibenzofuran 3 6 140 
Di-n-butylphthalate 1 6 48.5 
1,4-Dichlorobenzene 2 6 52 
3,3'-Dichlorobenzidine 1 6 82 
Fluoranthene 6 6 150 
Fluorene 3 6 250 
2-MethylnaphthaJene 3 6 76 
Naphthalene 2 6 310 
Pentachlorophenol 2 6 160 
Phenanthrene 4 6 260 
Pyrene 6 6 110 
2,3,4.6-T etrachlorophenol 1 2 120 

car Volatile Organics 
rbon disulfide 1 6 1 

Chlorobenzene 1 6 64.5 

1850 
97 

1950 
1650 
1150 
48.5 
160 
82 

5800 
2650 
2650 
3050 
2900 
7600 
6150 

120 

1 
64.5 

Average Range Screening Concentrations Number 
Detected of Exceeding 

Cone. Sal RBC Backaround Units RBC B~d 

1215 380 430 470000 NA UG/KG 
80.3 410 430 230000 NA UG/KG 
1118 380 430 2300000 NA UG/KG 
594 420 420 230000 NA UG/KG 
505 380 430 31000 NA UG/KG 

48.5 380 430 780000 NA UG/KG 
106 380 430 27000 NA UG/KG 

82.0 760 870 1400 NA UG/KG 
2002 NA NA 310000 NA UG/KG 
1120 380 430 310000 NA UG/KG 
967 380 430 310000 NA UG/KG 

1680 380 430 310000 NA UG/KG 
1530 1800 2100 5300 NA UG/KG 
3328 380 430 230000 NA UG/KG 
2113 NA NA 230000 NA UG/KG 

120 810 810 230000 NA UG/KG 

1.0 6 6 780000 NA UG/KG 
64.5 6 6 160000 NA UG/KG 



Table 10.12.16 
Chemicals Present in Site Samples 
SWMU 6 and SWMU 7 ~ 1993 Surface Soil Data 
NAVBASE· Charleston, Zone G 
Charleston, South Carolina 

Frequency Range 
of of 

Parameter Detection Detection 

PCBs 
jAroclor~1254 · 1 42 26000 26000 
Aroclor~1260 · 21 42 100 510000 

Carcinogenic PAHs 
Benzo(a)pyrene Equiv. · 39 42 7.163 14323 
Benzo(a)anthracene · 33 42 66 14000 
Benzo(a)pyrene · 36 42 48 10000 
Benzo(b)ftuoranthene · 39 42 71 13000 
Benzo(k)ftuoranthene 31 42 60 5200 
Chrysene 36 42 63 11000 
Oibenz(a,h)anthracene · 15 42 47 1300 
Indeno(1,2,3-cd)pyrene · 33 42 40 6000 

Inorganics 
Aluminum 42 42 1400 13000 
Antimony · 1 42 7.5 7.5 
fArsenic · 39 42 1.4 38 
Barium 42 42 13 170 
Beryllium 4 42 0.56 1.1 
Cadmium 13 42 0.6 2.7 
Calcium N 42 42 260 260000 
Chromium · 42 42 5.5 68 
Cobalt 39 42 1.1 26 
Cop~r 40 42 3,4 540 
Iron N 42 42 2500 30000 
lead · 42 42 2 1000 
Magnesium N 41 41 200 15000 
Manganese · 42 42 17 580 
Mercury 40 42 0.015 0.55 
Nickel 28 42 5.1 24 
Potassium N 42 42 130 2400 
Silver (Ag) 1 42 2.5 2.5 
Sodium N 34 42 70 6600 
Vanadium · 42 42 5.3 66 

inc 42 42 9.7 930 

Pesticides 
alpha~BHC · 1 42 39000 39000 
beta~BHC · 1 42 3800 3800 
delta~BHC · 7 42 2.2 26000 
gamma~BHC · 6 42 4.6 76000 
a!pha-Ch!crdane · 19 42 2.95 7100 
gamma-Chlordane · 18 42 2.8 7400 
4.4'-000 · 29 42 4.2 82000 
4,4'~DDE 31 42 6.3 1800 
4.4'-00T · 34 42 4.7 100000 
Endosulfan I 1 42 2.6 2.6 
Endosulfan sulfate 2 42 4 6 
Endrin aldehyde 2 42 7.5 21 
Heptachlor · 2 42 9.8 1100 
Heptachlor epoxide 3 42 3.7 37 
MethoXYchlor 1 42 22 22 

Average Range Screening Concentrations Number 

Detected of 
Backaround 

Exceeding 
Cone. Sal RBC RBe Bked 

26000 36 19000 160 NA 1 
25154 36 19000 320 NA 12 

1409 878.18 878.18 88 NA 34 
1080 360 36000 880 NA 10 
997 360 410 88 NA 33 

1545 360 360 880 NA 12 
519 360 36000 8800 NA 

1209 370 360 88000 NA 
321 350 36000 88 NA 12 
745 360 750 880 NA 8 

4991 NA NA 7800 18700 6 
7.5 5.3 11 3.1 2.89 1 1 
8.3 1.1 1.2 0.43 17.2 39 3 

37.1 NA NA 550 109 2 
0.80 0.53 0.69 0.15 1.2 4 

1.0 0.53 1.1 3.9 1.07 4 
57635 NA NA NA NA 

18.9 NA NA 39 42.8 2 2 
4.0 1.2 1.2 470 6.6 4 

33.0 2.9 2.9 27000 260 1 
9636 NA NA NA NA 

101 NA NA 400 181 2 6 
2006 NA NA NA NA 

125 NA NA 180 325 9 1 
0.12 0.012 0.012 2.3 1.03 

9.8 4.4 5.3 160 20.6 1 
390 NA NA NA NA 
2.5 1.1 2.3 39 NA 
434 56 60 NA NA 

16.8 NA NA 55 60.9 1 1 
105 NA NA 2300 519 1 

39000 1.9 920 100 NA 1 
3800 1.9 920 350 NA 1 
4012 1.9 920 100 NA 1 

12688 1.9 920 490 NA 1 
413 1.9 920 1800 NA 1 
477 1.9 920 1800 NA 1 

3307 3.6 1800 2700 NA 3 
324 3.8 1900 1900 NA 

3453 3.8 1800 1900 NA 5 
2.6 1.9 960 47000 NA 
5.0 3.6 1900 47000 NA 

14.3 3.6 1900 2300 NA 
555 1.9 920 140 NA 1 

15.7 1.9 960 70 NA 
22.0 19 9700 39000 NA 



Table 10.12.17 
Chemical Present in Site Samples 
SWMU 6, SWMU 7, and AOC 635 - Groundwater 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Frequency 

Parameter 

Inorganics 
Aluminum (AI) 
Arsenic (As) 
Barium (Sa) 
Beryllium (Be) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 
Iron (Fe) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Potassium (K) 
Selenium (Se) 
Silver (Ag) 
Sodium (Na) 
Vanadiumf'J) 
7inc (Zn) 

Semivolatile Organics 
Acenaphthene 
Pentachlorophenol 

* - Identified as a COPC 
N - Essent~1 nutrient 

· · · 
N 

N 

N 

N 

N 

· 

SQl - Sample quantitation limit 
UG/L - microgram per liter 
NA - Not applicable 

of 
Detec:tion 

7 7 
7 7 
7 7 
7 7 
7 7 
4 7 
5 7 
7 7 
7 7 
7 7 
7 7 
2 7 
1 7 
7 7 
2 7 
2 7 
7 7 
7 7 
2 7 

2 7 
1 7 

Range 
of 

Detections 

18.2 2400 
6.1 269 

15.7 302 
0.36 1.4 

118000 2B4000 
0.86 9.2 

1.2 4.5 
6590 75100 

1.8 7 
163000 714000 

48B 1610 
0.1 0.1 

55.1 55.1 
52900 203000 

3.1 5.3 
5 5.9 

1260000 6040000 
0.59 13.5 

5.4 49.9 

1 2 
2 2 

Average Range Screening Concentrations Number 
Detected of Exceeding 

Conc, SQL RBC Background Units RBC BkQd 

740 NA NA 3700 692 UG/L 3 
48.6 NA NA 0.045 17.8 UG/L 7 3 
102 NA NA 260 31 UG/L 1 6 
1.0 NA NA 0.016 NA UG/L 7 

197214 NA NA NA NA UG/L 
5.2 1.9 3.1 18 3.88 UG/L 3 
2.2 0.9 0.9 220 1.45 UG/L 4 

28927 NA NA NA NA UG/L 
3.3 NA NA 15 4.6 UG/L 2 

465857 NA NA NA NA UG/L 
973 NA NA 84 2906 UGfL 7 
0.10 0.1 0.1 1.1 NA UG/L 
55.1 1.3 4.5 73 4.08 UG/L 1 

138829 NA NA NA NA UG/L 
4.2 2.8 2.8 18 4.3 UG/L 1 
5.5 1.2 1.2 18 1.65 UG/L 2 

3760000 NA NA NA NA UG/L 
4.2 NA NA 26 15.4 UG/L 

27.7 5.3 5.3 1100 15.6 UG/L 1 

1.S 10 10 220 NA UG/L 
2.0 50 50 0.56 NA UG/L 1 



Potentially Exposed 
Population 

Current Land Uses 

Current Site 
Users/Maintenance 

Fu'ure I and J IseS 

Future Site Residents 
(Child and Adult) and 
Future Site Worker 

Table IO.U.IS 

Zone G RCRA Facility Investigarion Repon 
NAVBASE Charleston 

Section 10 - Site Spectfic Evaluations 
Revision: 0 

Exposure Pathways Summary - Combined SWMU 6 
NA VBASE - Zone G 

Charleston, South Carolina 

Medium and Exposure 
Pathway 

Air, Inhalation of gaseous 
.contaminants emanating from 
soi1 

Air. Inhalation of chemicals 
entrained in fugitive dust 

Shallow groundwater. 
Ingestion of contaminants 
during potable or general use 

Shallow groundwater, 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Soil, Incidental ingestion 

Soil, Dermal contact 

Air. lnhalation of gaseous 
contaminants emanating from 
soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general use 

Shallow groundwater, 
Inhalation of volatilized 
contaminants during domestic 
use 

Soil. Incidental ingestion 

Soil, Def!!l..a.! COI\.!l!.cr 

Wild game or domestic 
animals, Ingestion of tissue 
impacted by media 
contamination 

Pathway Selected for 
Evaluation? 

No 

No (qualified) 

No 

No 

No (Qualified) 

No (Qualified) 

No 

Yes 

Yes 

No 

Yes 

Yes 

No 

10.12.164 

Reason for Selection or Exclusion 

Fate and tI'llmport screening did not identify any 
COPCs for this indirect exposure pathway . 

Future land use assessment is considered to be 
conservatively representative of current receptors. 

Shal10w groundwater is not currently used as a 
source of potable or process water at combined 
SWMU6. 

Shallow groundwater is not currently used as a 
source of poQible or process water at combined 
SWMU6. 

Future land use assessment is considered to be 
conservatively representative of current receptors. 

Future land use assessment is considered to be 
conservatively representative of current receptors. 

No copes were identified subsequent to risk~ 
based screening comparisons. 

COPCs were identified subsequent to risk~based 
and background screening comparisons. 

Shallow groundwater is not likely to be used as a 
source of potable water at combined SWMU 6, 
however, this pathway was considered as a 
conservative measure. 

No volatile COPCs were identified subsequent to 
risk~based screening comparisons. 

COPCs were identified subsequent to risk-based 
and background screening comparisons. 

COPCs were identifled subsequent to risk-based 
and background screening comparisons. 

Hunting/tak.ing of game and/or raising livestock is 
prohibited within the Charleston, South Carolina 
city limits. 



Potentially Exposed 
Population 

Table lO.U.18 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section IO - Site Specific Evaluations 
Revision: 0 

Exposure Pathways Summary - Combined SWMU 6 
NAVBASE - Zone G 

Charleston, South Carolina 

Medium and Exposure 
Pathway 

Fruits and vegetables, 
Ingestion of plant tissues 
grown in media 

Pathway Selected for 
Evaluation? 

No 

Reason for Selection or Exclusion 

The potential for signifiCant exposure via this 
pathway is low relative to that of other exposure 
pathways assessed. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, except for dioxin equivalents and thallium, exposure point 2 

concentrations for soil pathways were set equal to the 95 % UeL calculated using the combined 3 

data from the RFI and 1993 sampling events. Dioxin equivalents were only analyzed in two 4 

surface soil samples, the 95% UeL for thallium exceeded its maximum concentration. As a 5 

result, the EPes for dioxin equivalents and thallium were set equal to their respective maximum 6 

concentrations. Soil sampling conducted at combined SWMU 6 was concentrated in a area 7 

representing approximately three quarters of an acre. This three quarter acre parcel was 8 

considered a reasonable exposure unit area on which to base the EPe determination. 9 

Table 10.12.19 provides a summary of the statistical analysis of the SWMU 6 surface soil data. 10 

Since there were only seven groundwater samples collected during the first-quarter RFI sampling 11 

event, the maximum detected concentration of each cope was used as the EPe used to evaluate 12 

the groundwater pathway. 13 

Quantification of Exposure 14 

Soil 15 

eDIs for ingestion of soils, dermal contact with soils, calculated as described in Section 7, are 16 

shown in Tables 10.12.20 and 10.12.21, respectively. The eDIs for inhalation of dust borne 17 

10.12.165 
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contaminants emanating for surface soil are shown in Table 10.12.22 and were calculated as 

follows. 

Inhalation of Dust Borne Contaminants Emanating from Soil: 

Noncarcinogens: 

CD/child 

,..., ~lD ~L'17 ~DT\ ~1/nDD.,.I:'''''' \....-s'" .lJ\child'f"l.JL' res "'l.JLJ child'" 11 I l.JI' .... 1' \...-

ATNC-adull *BWadult 

Carcinogens: 

Cs*iRadj*EFres * IJPEF*FC 
CDlres 

CDI. 
CS"'IRaduI/*EFw *EDw *l/PEF 

Variable Description 

BWadult average adult body weight (70 kg) 

BWChiid average child body weight-ages 1 to 6 years (15 kg) 

EDchiid residential child exposure duration (6 yr) 

Fn .. rp.~iilp.nti~l ~iln1t p.ynn~nrp.: ill1r~tinn (1.4 vr) 
--aoUl[ ------------ ----- ---r----- --------- ,- . .1-' 

EDw site worker exposure duration (25 yr) 

EFre, residential exposure frequency (350 days/year) 

EFw worker exposure frequency (250 days/year) 

!R"hild child inhalation rate (12 m3/day) 

rn lifptttnp UTP10htprt ';nTPrgOp lnhglMlnn r~tp. III f.t,., tn3_"r/~o_(hnT\ 
...... 'adj ......... _ ........ .L_ •• _.LO ... ·u.""' .......... _ ....... 0- ............................ "-'.L.L ......... - , ........ ....,...., & ... & ,)'"' ....... 0 ......... JI 

IR.dult adult inhalation rate (20 m3/day) 

ATNc-chiid averaging time - noncarcinogen, child (2,190 days) 

ATNC_adult averaging time - noncarcinogen, adult (8,760 days) 
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Groundwater 
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averaging time - noncarcinogen, site worker (9,125 days) 

averaging time - carcinogen (25,550 days) 

chemical concentration in surface soil - EPC (mg/kg) 

particulate emission factor (1.32E+09 m3/kg) - Soil Screening Guidance 

Fraction contacted (1) 

The CDIs for groundwater ingestion are presented in Table 10.12.23. 

10.12.6.4 Toxicity Assessment 

2 

3 

4 

6 

7 

8 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.12.24 9 

presents toxicological information specific to each COPC identified at combined SWMU 6. This 10 

information was used in the quantification of risk/hazard associated with soil and groundwater 11 

contaminants. Brief toxicological profiles for each COPC are provided in the following 12 

paragraphs. 13 

Antimony belongs to the same periodic group as arsenic. This element is absorbed slowly through 14 

the gastrointestinal tract, which is the target of this element. Another target is the blood, where 15 

antituony concentiates. Due to frequent industrial use, the primary exposure route for antiInony !6 

to the general population is food. Antimony is also a common air pollutant from industrial 17 

emissions. USEPA has not classified antimony as a carcinogen, and the oral RID is 0.0004 18 

mg/kg-day (Klaassen, et ai, 1986). The oral RID is based on a LOAEL of 0.35 mg/kg-day, an 19 

uncertainty factor of 1000, and a modifying factor of 1 (IRIS). 20 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 21 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 22 

cardiovascular effects (Klaassen, et ai., 1986). USEPA set 0.3 /lg/kg-day as the RID for arsenic 23 

10.12.171 
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based on a NOAEL of 0.8 /-lg/kg-day in a human exposure study. Arsenic's effects on the nervous 

and cardiovascular systems are primarily associated with acute exposure to higher levels. 2 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 3 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 4 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen -' 

by USEPA, which set the 1.5 (mg/kg-day)'1 oral SF. As listed in IRIS the basis for the 6 

classification is sufficient evidence from human data. An increased lung cancer mortality was 7 

observed in multiple human populations exposed primarily through inhalation. Also, increased 8 

mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 9 

incidence of skin cancer were observed in populations consuming drinking water high in inorganic 10 

arsenic. Human milk contains about 3 /-lg/L arsenic. As listed in IRIS the critical effect of this II 

chemical is hyperpigmentation, keratosis, and possible vascular complications. The oral 12 

uncertainty factor was determined to be 3 and the modifying factor was determined to be 1. 13 

Barium is used in various alloys, paints, soap, and manufacture processes. Barium sulfate is used 14 

to aid x-ray diagnosis. This element is relatively abundant in nature and is found in plant and 15 

animal tissue. Brazil nuts contain 3 to 4 mg per gram nuts. The fatal absorbed dose of barium 16 

is approximately 1000 mg (for humans). Assuming an absorption efficiency of five percent for 17 

barium, 20,000 mg ingested barium could be fatal. Major toxic effects of Lllis element are muscle tR 

stimulation, central nervous system effects, and effects on the heart. The major critical effect is 19 

increased blood pressure. USEPA determined the oral RID and inhalation RID to be 0.07 and 20 

1.43E-4 mg/kg-day, respectively (Dreisbach, et ai, 1987) (Klaassen, et ai, 1986), based on a 21 

medium confidence level. The oral uncertainty factor for barium is 3 and the oral modifying factor 22 

is 1. BariuUl has been issued a carcinogenic weight-of~evidence classification of jID". 23 

BEQs include the following list ofPAHs: 24 

Benzo( a )anthracene TEF 0.1 25 
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Benzo(b )fluoranthene 

Dibenz(a,h)anthracene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(1,2,3-cd)pyrene 

Chrysene 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 
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2 

3 

4 

5 

6 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 7 

above have not been well established. There are no RIDs for the PAHs above due to a lack of 8 

data. All PARs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 9 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kg-day)"l. TEFs, also 10 

set by USEP A, are multipliers that are applied to the detected concentrations, which are II 

subsequently used to calculate excess cancer risk. These multipliers are discussed further in the 12 

exposure and toxicity assessment sections. Most carcinogenic PARs have been classified as such 13 

due to animal studies using large doses of purified PAHs. There is some doubt as to the validity 14 

of these listings, and the SFs listed in USEPA's RBC table are provisional. However, these PARs 15 

are carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal 16 

tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the benzo(a)pyrene 17 

B2 classification is human data specifically linking benzo(a)pyrene to a carcinogenic effect are ! 8 

lacking. There are, however, multiple animal studies in many species demonstrating 19 

benzo(a)pyrene to be carcinogenic by numerous routes. 20 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 21 

eRA VE Work Group nleeting, a revised risk estiJuate for benzo(a)pyrene was verified (see 2.2 

Additional Comments for Oral Exposure). This section provides information on three aspects of 23 

the carcinogenic risk assessment for the agent in question: the USEPA classification and 24 

quantitative estimates of exposure. The classification reflects a weight-of-evidence judgment of 25 
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the likelihood that the agent is a human carcinogen. The quantitative risk estimates are presented 

in application of a low-dose extrapolation procedure and presented as the risk per (mg/kg-day). 2 

The unit risk is the quantitative estimate in terms of either risk per Itg/L drinking water or risk 3 

per Itg/m3 air breathed. The third form in which risk is presented is drinking water or air 4 

concentration providing cancer risks of 1 in 10,000 or I in 1,000,000. The Carcinogenicity 5 

Background Document provides details on the carcinogenicity values found in IRIS. Users are 6 

referred to the Oral Reference Dose and Reference Concentration sections for information on iong- 7 

term toxic effects other than carcinogenicity. 8 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b )fiuoranthene B2 9 

classification is no human data and sufficient data from animal bioassays. Benzo(b )fiuoranthene 10 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and II 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 12 

data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice 13 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 14 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 15 

transformed mammalian cells in culture. As listed in IRIS, the basis for the benzo(k)fiuoranthene 16 

B2 classification is no human data and sufficient data from animal bioassays. 17 

Benzo(k)t1uoranthene produced tumors after lung i..rnplantation in mice and when administered with 18 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 19 

assay in mice. Benzo(k)fiuoranthene is mutagenic in bacteria. (Klaassen, et aI., 1986). 20 

Hexachlorocyclohexane or (HCH) is made by chlorinating benzene, and was previously, 21 

erroneously called benzenehexachlorJ!e (BHC). HeR is a syntl-Ietic chemical that exists in eight 22 

isomers. One of the isomers, gamma (y)-HCH (commonly called lindane) was once used as an 23 

insecticide on fruit, vegetable, and forest crops. It is still used today in the United States and in 24 

other countries as a human medicine to threat head and body lice and scabies. Although HCH is 25 
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no longer used as an insecticide in the United States, 0:, p, y, and 0- HCH have been found in 

the soil and surface water at hazardous waste sites. 2 

Exposure to excessive amounts of HCH, primarily y-HCH, by inhalation or ingestion, has been 3 

reported to result in death in humans. The cause of acute lethality of HCH in animals may be its 4 

effects on the central nervous system since convulsions and coma were often observed prior to 5 

death. The doses associated with death and increased mortality in animals are much higher than 6 

would be fond in the environment or in water or soil surrounding waste sites, so it is not likely 7 

that humans would die following brief or prolonged exposure to HCH in food, water, or soil. 8 

Blood disorders, including anemia, leukopenia, leukocytosis, granulocytopenia, granulocytosis, 9 

eosinophilia, monocytosis, pancytopenia, and thrombocytopenia have been observed in individuals 10 

exposed to y-HCH where HCH vaporizers were operated (Brassow et aI., 1981). In animals, 11 

hematological effects were observed in fats fed 0- HCH in the diet for 13 weeks (Van Vel sen et 12 

aI., 1986). 13 

Hepatic effects, such as increased liver enzymes, have been reported in individuals exposed to 14 

technical-grade HCH principally by inhalation in a pesticide formulating plant (Kashyap, 1986); 15 

silnilar effects were not reported iIl individuals who 1.T1gested HeH or applied y-HeR to th.eir skin. 16 

In humans, neurological effects including parathesis of the face and extremities, headaches, 17 

vertigo, abnormal EEG patterns and often seizures and convulsions have been reported in 18 

individuals occupationally exposed to y-HCH or in individuals exposed to large amounts of y- 19 

HCH by ingestion or dermal application (Czegledi-Janko and Avar, 1970; Davies et a1., 1983; 20 

Harris et aI., 1969; Heiberg and Wright, 1955; Kashyap, 1986; Lee and Groth, 1977; Matsuoka, 21 

1981, Munk and Nantel, 1977; Nantel, 1977; Powell, 1980; Starr and Clifford, 1972; Teich and 22 

Jarvis, 1982). Acute- and intermediate-duration exposure of animals to high oral or dermal doses 23 
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of y- or ~- HCH affects the central nervous system as evidenced by behavior disorders, decreased 

nerve velocity, convulsions and seizures, and coma (Albertson et aI., 1985; Desi, 1974; Hanig et 2 

aI., 1976; Muller et aI., 1981; Tilson et aI., 1987; Tusell et aI., 1987; Van Velsen et aI., 1986). 3 

No histological examinations were conducted in the brain or nervous system of animals exposed 4 

by any route for any duration. There is no evidence available regarding the presence or absence 5 

of carcinogenic effects in humans following exposure by any route. Weight of evidence, cancer 6 

slope factors and reference doses for each of the HCH isomers are shown in Table 10.12.25. 7 

Table 10.12.25 
HCH Isomer Infonnation 

SWMU 6, SWMU 7, AOC 635 
NA VBASE Charleston, Zone G 

Charleston, South Carolina 

HCH isomer Weight of Evidence Class Oral RID 

n- HCH 

p- HCH 

y- HCH 

0- HCH 

-technical 

Notes: 

" NA 

IRIS, 1996 
USEPA, 1996 
Not <l.vailab!e 

B2, NA 

C, NA 

B2-C" 3.0E-04, 

NA NA 

NA NA 

Orai SF 

6.3E+OO, 

1.8E+OO, 

I.3E+OO" 

NA 

1.8E+OO, 

Inhaiation SF 

6.3E+OO, 

1.8E+OO, 

NA 

NA 

1.8E+OO, 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 
20 
21 
22 

Beryllium exposure via the inhalation route can inflame the lungs, a condition known as Acute 23 

Beryllium Disease, as a result of short-term exposure to high concentrations. Removal from 24 

exposure reverses the symptoms. Chronic exposure to much lower concentrations of beryllium 25 

or beryllium oxide by inhaiation has been reported to cause chronic beryllium disease, witl1 26 

symptoms including shortness of breath, scarring of the lungs, and berylliosis, which is 27 

noncancerous growths in the lungs of humans. Both forms of beryllium disease can be fatal, 28 

depending on the severity of the exposure. Additionally, a skin allergy may develop when soluble 29 
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beryllium compounds come into contact with the skin of sensitized individuals (Gradient, 1991). 

An oral RID of 0.0054 mg/kg-day has been set for beryllium based on a chronic oral bioassay (rats 2 

were the study species) which determined an NOAEL of 0.54 mg/kg-day. Beryllium has been 3 

classified by USEPA as a group B2 carcinogen based on animal studies. Human epidemiology 4 

studies of beryllium are inadequate. As listed in IRIS, classification is based on beryllium being 5 

shown to induce lung cancer via inhalation in rats and monkeys and to induce osteosarcomas in 6 

rabbits via intravenous or intramedullary injection. An inhalation SF of 8.4 (mg/kg-day)'! and an 7 

oral SF of 4.3 (mg/kg-dayr1 have been set by USEPA. As listed in IRIS, the critical effect of this 8 

chemical is no adverse effect. The uncertainty factor was 100 and the modifying factor was 1. 9 

The IRIS RID in drinking water is 0.005 mg/kg-day. 10 

Chlordane is a polycyclic chlorinated pesticide. Acute exposure to high doses of chlordane causes 11 

tremors and convulsions. Chronic exposure can cause emotional and neuromuscular disturbances. 12 

Exposed individuals revert to normal approximately one week after the source is removed 13 

(Dreisbach et aI., 1987). USEPA has established an oral RID of 0.0005 mglkg-day and an oral SF 14 

and inhalation SF of 0.35 (mglkg-day)·I. 15 

Chromium exists in two stable, natural forms: CrIll and CrVI. Acute exposure to chromium can 16 

result in kidney damage following oral exposure or danlage to the nasal mucosa and septum 17 

following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in kidney and 18 

respiratory tract damage, as well as excess lung cancer in both animals and humans following 19 

occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). Oral RID 20 

values for CrIII CrVI are 1.0 and 5E-3 (mg/kg-day), respectively. For CrVI, the RID is based 21 

on j'j'v--""'r' ~LO-X--j~"I'~LY' 1'-'1 ~ULI'" 1-:;0, ... 1. P U--1 .,L'lP r-,'vT! "",'-"p 12+r\", ',"Ii:. kUU"'!;'f"U" ~vn 'u'~ •• <~pp'r·.·".'."."u ~p~t,h •• ~v'.~vQ:'.·r.:!l I""h"lnn"." ,., 
"" .... ""'" ~ """ - ... , .............. '-' .... - .... -- - - 0 __ .I. ..... 1.1.u.1.1.0 ... '" --

observed in rat studies. In addition, CrVI is considered a group A carcinogen for inhalation 23 

exposures, and an oral SF of 42 (mg/kg-day)'1 has been established for the hexavalent form. 24 

Vitamin supplements contain approximately 0.025 mg of chromium. As listed in IRIS, no critical 25 
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effects were observed for Crill. The uncertainty factor for Crill was 100 and the modifying factor 

was 10. As listed in IRIS, no critical effects were observed for CrVI. The uncertainty factor for 2 

CrVI was 500 and the modifying factor was 1. 3 

4,4'-DDD, a by-product of the pesticide DDT, is a compound typical of halo benzene derivatives. 4 

It is soluble in fat, but not in water, and its target organ is the brain. This analog of DDT is the least 5 

toxic of the three primary DDT analogues (i.e., the least likely to cause cancer). Other DDD effects 6 

could include cell death in the liver, fatty change of heart muscles, and kidney damage. In a study 7 

mentioned in Dreisbach, et al., workers historically exposed to DDT had up to 648 ppm DDT in their 8 

body fat no adverse health effects were observed. If an individual loses body fat, DDD 9 

concentrations are not stored at sufficient concentrations to induce toxic effects. This compound is to 

listed as a 82 carcinogen, and USEPA set the oral SF for DDD to 0.24 (mg/kg-day)"i (Dreisbach, II 

et ai, 1987). 12 

4,4'-DDE, a by-product of the pesticide DDT, is a compound typical of halo benzene derivatives. 13 

It is soluble in fat, but not in water, and its target organ is the brain. This analog of DDT is the 14 

second-most toxic of the three primary DDT analogues (i.e., the second-most likely to cause cancer). 15 

Other DDE effects could include cell death in the liver, fatty change of heart muscles. and kidney 16 

dlli~age. In a study mentioned in Dreisbach, et aI, workers historically exposed to DDT had up to 17 

648 ppm DDT in their body fat, yet no adverse health effects were observed. If an individual loses 18 

body fat, DDE concentrations are not stored at sufficient concentrations to induce toxic effects. This 19 

compound is listed as a 82 carcinogen, and USEPA set the oral SF for DDE to 0.34 (mg/kg-day)"' 20 

(Dreisbach, et ai, 1987). 21 

DDT, or 1,1,1-trichloro-2,2-bis-(p-chlorophenyl)ethane, was one of the most widely used chemicals 22 

for controlling insect pests on agriculture crops and controlling insects that carry such diseases as 23 

malaria and typhus. Technical DDT is primarily a mixture of three forms (p,p' -DDT, o,p' -DDT, and 24 
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0,0' -DDT), all of which are white, crystalline, tasteless, and almost odorless solids. DDT does not 

occur naturally in the environment and its presence in the environment is a result of contamination 2 

due to past production, use and subsequent movement from sites of application to land, water, and 

air. Several waste sites contain these compounds and might act as additional sources of 4 

environmental contamination. Some DDT may be degraded in air, but the compound may persist 

for a long time bound to certain soils. DDE (1,I-dichloro-2,2-bis [p-chlorophenyIJ ethylene) and 

DDD (l,I-dichloro-2,2-bis [p-chlorophenyIJ ethane) are found in small amounts as contaminants 

in technical grade DDT. DOD has had some use as a pesticide and also as a treatment for cancer of 

the adrenal gland. The use of DOD, ODE, and DDT is banned in the United States (ATSDR, 1992). 

With acute exposure to high doses, the nervous system appears to be the major target in both humans 

and experimental animals ( Herr and Tilson, 1987; Hayes, 1982). Information on health effects in 

humans following acute inhalation exposure to DOD or DOE is limited (ATSDR, 1992). Chronic 

exposure of experimental animals to DDT is associated with tremors and general hyper irritability 

(NCI, 1978; Rossi et al., 1977). In male and female mice a single oral dose of237 to 32 mg DDT/kg 

caused death of all the mice (Bathe et aI., 1976; Kashyap et aI., 1977; Tomatis et aI., 1972). There 

is evidence of mild to severe hepatic effects in experimental animals as a result of acute, subchronic. 

or chronic oral administration of DDT (Pasha, 1981). 

Epidemiological evidence is inconclusive for establishing, with reasonable certainty, if DDT is a 

human carcinogen. Evidence exists from animal studies to consider DDT, ODE, and DOD probable 

human carcinogens based on USEPA's B2 classification (IRIS). For example, DDT is carcinogenic 

in most strains of mice tested (Innes et aI., 1969; Thorpe and Walker, 1973; Tomatis et aI., 1972; 

al.. 1982b; Rossi et aI., 1977). However, several other rat studies reported negative results (Legator 

et aI., 1973; Palmer et aI., 1973; Cameron and Cheng, 1951; Shivapurkar et aI., 1986), as were most 

of those in hamsters (Agthe et aI., 1970; Cabral et aI., 1982a; Graillot et aI., 1975), and the one study 

10.12.181 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

.f\prtjnn In - ,C:::itp Snprifir F.valuminn.r; --_ •• _ .• -- ---- r--'J-- - '.-------- -

Revision: 0 

in monkeys (Adamson and Sieber, 1979, 1983). One area of uncertainty is the significance of liver 

tumors in certain strains of mice and the appropriateness of extrapolating this information to humans. 2 

Several studies in rats, mice and hamsters have been conducted to determine the potential 3 

carcinogenicity ofDDD and DDE. A chronic feeding study in mice has shown DDE to produce 4 

liver tumors at doses of 19-34 mg/kg-day for 124 weeks (NCr 1978; Tomatis et aI., I 974a). A 

similar study produced liver tumors in hamsters given 40 mg/kg-day for 124 weeks (Rossi et al.. 6 

1983). However, DDE did not induce significant increases in rats given 12 to 42 mg/kg-day for 78 7 

weeks (NCr, 1978). DDD induced liver tumors and lung adenomas in CF-I mice (Tomatis et aI., 8 

1974a) and thyroid follicular cell tumors in Fischer-344 rats (NCr, 1978) but was not tumor 9 

producing in B6C3F1 mice (NCr, 1978). 10 

The oral SF for DDD is 2.4E-01. The oral SF for DDE is 3.4E-01. The oral SF for DDT is 3.4E-OI, II 

which is the same as the inhalation SF for DDT. An oral RID has been issued for DDT as 5E-04 12 

(IRIS). 13 

Dioxins are a group of chlorinated hydrocarbons that accumulate in fat tissue. Exposure to dioxins, 14 

known to be potent mutagens and teratogens, causes buming pain in the tongue, abdomen, and 15 

pharynx, chloracne, loss of body weight, degenerative changes to the liver and thymus, and 16 

psychiatric dist'..rrba.l'lces. Cl'Joracne is t..l-te prima.ry sign of human exposure (Klaassen. et al., 1986; 17 

Dreisbach, et aI., 1987). USEPA classified dioxins as group B2 carcinogens and determined the oral 18 

SF to be 150,000 (mg/kg-day)', for 2,3,7,8-TCDD. Equivalent concentrations of other dioxin J9 

congeners were calculated based on their corresponding toxic equivalents, as recommended by 20 

USEPA 21 

Heptachlor is a man-made chemical that was used in the past for killing insects in homes, buildings, 22 

and on food crops. Pure heptachlor is a white powder. Technical-grade heptachlor is a tan powder 23 
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and has a lower level of purity than pure heptachlor. Heptachlor smells somewhat like camphor. and 

does not burn easily or explode (ATSDR, 1991). 2 

No studies were located regarding lethal effects in humans after oral exposure to heptachlor. 3 

However, since heptachlor is a major component of the insecticide chlordane, chlordane poisoning 4 

can be considered when evaluating heptachlor toxicity data. There are no data on chronic oral 

exposures in humans. There are occupational studies of workers engaged in the manufacture of 6 

heptachlor in which the exposures are presumed to be predominantly inhalation with contributions 7 

from the dermal route. No adverse health effects have been identified in these cohorts that could be 8 

positively associated with heptachlor exposure. 9 

Heptachlor has been issued the USEP A weight of classification of B2, probable human carcinogen 10 

(IRIS). Heptachlor has an oral RID of 5E-04 mg/kg-day, and an oral SF of 4.5 (mg/kg-day)', , and 11 

an inhalation SF of 4.55 (mg/kg-day)" (IRIS). 12 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RID or 13 

SF has been set by USEPA. However, an action level for soil protective of child residents has 14 

been proposed by USEPA Region IV: 400 mg/kg. USEPA's Office of Water has established a 15 

treatment tecrlllique action level of 15 ;.tg/L. A.s listed in IRIS, the classification is base on 16 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically 17 

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble 18 

lead salts. Animal assays provide reproducible results in several laboratories, in mUltiple rat 19 

strains with some evidence of multiple tumor sites. Short-term studies show that lead affects gene 20 

expression. Human evidence is inadequate. An RID and SF have not been set because of the 21 

confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been 22 

observed in the eNS. blood, and mental development of children. RIDs are based on the 23 

assumption that a threshold must be exceeded to result in toxic effects (other than carcinogenicity). 24 
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Once lead accumulates in the body, other influences cause the actual levels in the blood to 

fluctuate - sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an 2 

exposed individual has previously been exposed to lead, this individual could lose weight and set 3 

fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the 4 

reasons lead effects are difficult to predict (Klaassen et aI., 1986). 5 

Manganese is an essential nutrient, but chronic exposure (0.8 mg/kg-day) causes 6 

mental disturbances. Studies have shown that manganese uptake from water is greater than 7 

manganese uptake from food, and the elderly appear to be more sensitive than children (Klaassen et 8 

aI., 1986; Dreisbach et aI., 1987). USEPA determined the RID to be 0.14 mg/kg-day based on 9 

dietary uptake. USEP A recommended using a modifying factor of 3 when estimating intake from to 

soil and water. In addition, the body is roughly twice as efficient absorbing manganese in water 11 

compared to manganese in food. Because of the different uptake rates in water and food, two RIDs 12 

were used in this HHRA - one for water and one for food. The RIDs used are 0.047 and 0.023 13 

mg/kg-day, respectively. Inhalation of manganese dust causes neurological effects and increased 14 

incidence of pneumonia. An inhalation RID was set to 0.0000143 mg/kg-day. According to 15 

USEPA, manganese cannot be classified as to its carcinogenicity. Therefore, the cancer class for 16 

manganese is group D. As listed in IRIS, the classification is based on studies that are inadequate 17 

to assess the carcinogenicity of ma..Tlga.'1ese. Manga...nese is an element considered essential to human 18 

health. The typical vitamin supplement dose of manganese is 2.5 mg/day. As listed in IRIS, the 19 

critical effects of this chemical in water in the oral summary are CNS effects. The uncertainty factor 20 

was I and the recommended modifying factor of3 was used to estimate soil and groundwater intake. 21 

The critical effects of this chemical are CNS effects. As listed in IRIS, the critical effect of this 22 

chemical in the inh.alation SUIrllTtaiO·Y is impairment of neuro-behavioral function. For ill_halation 23 

uptake, the uncertainty factor was 1,000 and the modifying factor was I. The IRIS RfC is 0.00005 24 

mg/m3. 25 
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PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1254. and 1260) that 

accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes eye 2 

and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, rashes 3 

and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. Of the 4 

effects listed above, the liver is the primary target organ (Klaassen, et ai, 1986) (Dreisbach, et. ai., 5 

1987). USEPA classified PCB aroclors as group B2 probable human carcinogens, primarily based 6 

on animal data. Oral ingestion of PCBs causes liver and stomach tumors in rat studies. The cancer 7 

potency of PCB mixtures is determined using a tiered approach. The high risk and persistence tier 8 

uses an upper-bound slope factor of 2.0 (mg/kg-day)'1 and is appropriate for food chain exposures, 9 

sediment and soil ingestion, dust or aerosol inhalation, and dermal exposure. The low risk and 10 

persistence tier uses an upper-bound slope factor of 0.4 (mglkg-day)'1 and is appropriate for ingestion II 

of water soluble congeners and inhalation of evaporated congeners. The lowest risk and persistence 12 

tier uses an upper-bound slope factor of 0.07 (mg/kg-day)'1 and is appropriate for PCB congener 13 

mixtures with congeners having more than four chlorines comprising less than 112% of the mixture. 14 

Pentachlorophenol and most compounds related to phenol are cellular toxicants. These compounds 15 

can cause bladder tumors, and might be carcinogens and/or sensitizers (Dreisbach, et ai, 1987). 16 

USEPA has determined the oral RID to be 0.03 mglkg-day and the oral SF to be 0.12 (mg/kg-day)'l, 17 

respectively. 18 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 19 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 20 

past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 21 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 22 

USEPA's oral RID for thallium is 0.00008 mg/kg-day (Klaassen, et ai., 1986; Dreisbach, et ai., 23 

1987). The oral uncertainty factor for thallium is 3000. 24 
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Vanadium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 

It is also a by-product of petroleum refining. Vanadium is soluble in fats and oils (Klaassen et aI., 2 

1986). Municipal water supplies contain 0.001 to 0.006 mgIL. The target organ is unclear, and the 3 

primary focus of toxicological information is inhalation of vanadium dust. Typical vitamin 4 

supplements contain approximately 0.010 mg in a daily dose. The oral RiD set by USEPA is 

0.007 mg/kg-day. The oral uncertainty factor of vanadium is 100. 6 

10.12.6.5 Risk Characterization 7 

Surface Soil Pathways , 
Exposure to surface soil onsite was evaluated under both residential and site worker scenarios. 9 

For these scenarios, the incidental ingestion of surface soil, dermal contact with surface soil, and to 

inhalation of dust borne contaminants were the evaluated exposure pathways. For noncarcinogenic 1 I 

contaminants evaluated for future site residents, hazard was computed separately to address child 12 

and adult exposure. Tables 10.12.26, 10.12.27, and 10.12.28 present the computed carcinogenic 13 

risks and/or HQs associated with the ingestion, dermal contact, and inhalation surface soil 14 

exposure pathways, respectively. 15 

Hypothetical Site Residents 16 

The ILCRs (based on the adult and child lifetL.'tle \veighted average) for combined SW?v1U 6 17 

surface soils are 3E-04 for the ingestion pathway, IE-04 for the dermal pathway, and 2E-07 for 18 

the inhalation pathway. Arsenic, Aroclor-1260, BEQs, and dioxin equivalents were the primary 19 

contributors to the ingestion and dermal pathways. Secondary contributors to the ingestion and 20 

dermal pathways include Aroclor-1254, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT. Though the adolescent 21 

trespasser was not quantitatively addressed for this site, u,e following semiquaJititative ailalysis was 22 

performed using the results of the residential risk analysis. Exposure frequency and duration under 23 

the residential scenario are 350 days/year and 30 years, respectively, compared to 52 day/year and 24 

7 years for the adolescent trespasser. Substituting the trespasser exposure frequency and duration 25 
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Zone G RCRA Facility Investigation Repon 
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Section 10 - Site Specific Evaluations 
Revision: 0 

into the CD! equation would result in a risk estimate approximately 98% below the residential risk 

estimate. Assuming that the concrete pad and perimeter fencing are removed from the site, the 2 

cumulative soil pathway (ingestion, dermal, and inhalation) risk for the adolescent trespasser was 3 

estimated to be approximately 2E-05. 4 

The computed hazard indices for the adult resident were 0.2 for the soil ingestion pathway, 0.06 for 5 

the dermal contact pathway, and 0.01 for the inhalation pathway. The computed hazard indices for 6 

the child resident were 2 for the ingestion pathway, 0.2 for the dermal contact pathway and 0.03 for 7 

the inhalation pathway. Antimony, Aroclor -1254, arsenic, 4,4'-DDT, and thallium were the 8 

primary contributors to HI projections for the ingestion pathway. The semiquantitative analysis for 9 

adolescent trespasser hazard index is similar to the risk estimate detailed the paragraph above. 10 

Exposure frequency and duration for the child resident are 350 days/year and 6 years, respectively, 11 

compared to 52 days/year and 7 years for the trespasser. Substituting the trespasser exposure 12 

frequency and duration into the CDI equation would result in a hazard estimate approximately 83% 13 

below the residential hazard estimate. Assuming that the concrete pad and perimeter fencing were 14 

removed from the site, the cumulative soil pathway (ingestion, dermal, and inhalation) hazard for 15 

the adolescent trespasser was estimated to be approximately 0.3. 16 

Hypothetical Site \Vorkers 17 

Site worker ILCRs for surface soil are 4E-05 for the ingestion pathway, 6E-05 for the dermal 18 

pathway, and 7E-08 for the inhalation pathway. Arsenic, Arocior-1260, and BEQs were the 19 

primary contributors for the ingestion and dermal pathways. Site worker HIs are 0.06 for the 20 

ingestion pathway, 0.02 for the dermal pathway, and 0.007 for the inhalation pathway. 21 

Groundwater Pathways 22 

Exposure to shallow groundwater onsite was evaluated under a residential scenario based on the 23 

results of the RFI first -quarter sampling event. The ingestion exposure pathway was evaluated 24 

10.12.190 
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assuming the site groundwater will be used for potable and/or domestic purposes and that an 

unfiltered well, drawing from the corresponding water bearing zone, will be installed. For 2 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed 3 

separately for child and adult receptors. Table 10.12.29 presents the risk and hazard for the 4 

ingestion pathway. 5 

Hypothetical Site Residents 6 

The ingestion ILCR for combined SWMU 6 shallow groundwater (based on the adult and child 7 

lifetime weighted average) is 6E-03, with arsenic as the primary contributor and beryllium and 8 

pentachlorophenol as secondary contributors to ILCR projections. The HIs for the adult and child 9 

resident are 25 and 58, respectively. Arsenic is the priInary contributors to ingestion HI. Barium IO 

is a secondary contributor. 11 

Hypothetical Site Workers 12 

The site worker ingestion ILCR for combined SWMU 6 shallow groundwater is lE-03, with 13 

arsenic as the primary contributor and beryllium as a secondary contributor to ILCR projections. 14 

The site worker ingestion HI is 9. Arsenic is the primary contributors to ingestion HI. 15 

Current Site 'Vorkers 16 

Shallow groundwater is not currently used as a potable water source for combined SWMU 6 or 17 

other areas of Zone G. In the absence of a completed exposure pathway, no threat to human health 18 

is posed by reported shallow groundwater contamination. 19 

Lead 20 

Lead was identified as a COPC based on screening comparisons using the 1993 surface soil data 21 

summarized on Table 10.12.16. The reported soil lead concentration only exceeded the 22 

400 mg/kg AL in two of 42 samples collected (S06BI5; 1,000 mg/kg and S07B28; 557 mg/kg). 23 
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Table 10.12.29 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Groundwater Ingestion 
SWMU 6. SWMU 7. and AOC 635 
Naval B~8e Ch~rleston, Zone G 
Charleston. South Carolina 

Oral RID Oral SF 

Chemical 

lnorganics 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 

Semivolatile Organics 
Pentachlorophenol 

I SUM Hazard IndexlILCR 

Notes: 

Used Used 
(molk.-dav) (molk.-dav)-I 

0.0003 I.5 
0.07 NA 

0.005 4.3 

0.03 0.12 

Not available 

Future Future 
Resident adult Resident child 

Hazard Ouotient Hazard Ouotient 

25 57 
0.12 0.28 

0.0077 0.018 

0.0018 0.0043 

25 58 

NA 
ND Not Determined due to lack of available information 

Future Future Site 
Resident lwa Worker adult 

ILCR Hazard Quotient 

6.IE~3 8.8 
ND 0.042 

9.IE~5 0.0027 

3.6E~6 0.00065 

6E-03! 9 

twa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A 
ILeR Incremental Lifetime Cancer Risk 

Future Site 
Worker adult 

ILCR 

I.4E~3 

ND 
2.IE-05 

8.4E~7 

iE-03 ! 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evaluatiorr.s 
Revision: 0 

The 95% UCL for lead detennined using surface soil data generated during both the 1993 and RFI 

sampling events is 161 mg/kg which is below the AL for lead (summarized on Table 10.12.19). 2 

As a result, lead was not addressed further in this assessment. 3 

COCs Identified 4 

COCs were identified based on cumulative (all pathway) risk and hazard projected for this site on 5 

a medium-specific basis. USEPA has established a generally acceptable risk range of 1E-04 to 6 

lE-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was 7 

considered to be any chemical contributing to a cumulative risk level of lE-06 or greater and/or 8 

a cumulative hazard index above 1.0, and whose individual ILCR exceeds lE-06 or whose hazard 9 

quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, because a 10 

cumulative risk level of lE-04 (and individual ILCR of lE-06) is recommended by USEPA 11 

Region IV as the trigger for establishing COCs. The COC selection method presented was used 12 

to provide a more comprehensive evaluation of chemicals contributing to carcinogenic risk or 13 

noncarcinogenic hazard during the RGO development process. Table 10.12.30 presents the COCs 14 

identified for combined SWMU 6 surface soil and shallow groundwater. 15 

Surface Soils 16 

Future Site Residents 17 

Aroclor-1260, Aroclor-1254, arsenic, BEQs, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, and dioxin were 18 

identified as soil pathway COCs based on their contribution to cumulative ILCR projections. 19 

Antimony, Aroclor-1254, arsenic, 4,4'-DDT, and thallium were identified as soil pathway COC 20 

based on their contribution to cumulative HI projections. 21 

Future Site Workers 22 

Aroclor-1260, arsenic, BEQs, 4,4'-DDT, and dioxin were identified as soil pathway COCs based 23 

on their contribution to cumulative ILCR projections. 24 
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Table 10.12.30 
Summary of Risk and Hazard-based COCs 
SWMU 6, SWMU 7, and AOC 635 
NA VBASE - Charleston, Zone G 
~L __ l __ • __ "_ ••• 1.. i"" ___ I; __ 
..... IUIII ...... WII • ..;JUU.1l "-'4. uUlJa 

Future Future Future 

Exposure Resident Adult Resident Child Resident lwa Site Worker Identification 

Medium Pathwa Hazard uotient Hazard oticnt ILCR Hazard uotient ILCR ofCOCs 

Surface Soil Incidental lnorg.nics 
Ingestion Antimony O.oI5 0.14 NO 0.0054 NO 

Arsenic 0.055 0.51 2.8E-05 0.019 3.1E-06 2 4 

Chromium 0.0059 0.Q55 NO 0.0021 NO 
Lead NO NO NO NO NO 
Manganese 0.0049 0.046 NO 0.0018 NO 
Thallium O.oI5 0.14 NO 0.0054 NO 
Vanadium 0.0040 0,038 NO 0.0014 NO 

Semivolati]e Organics 
8cnzo(a)pyrenc equivalents NO NO 2.2E-05 NO 2.5E-06 2 4 

PesticidcsIPCBs/DioIin 
Arodor 1254 0.040 0.37 \.8E-06 0.014 2E-07 2 

Aroclor 1260 NO NO \.9E-05 NO 2.1E-06 2 4 

alpha-BHC NO NO 5.4E-07 NO 6.1E-08 

heta-BHC NO NO 8.5E-08 NO 9.5E-09 
delta-BHC NO NO 9.7E-07 NO I.1E-07 
gamma-BHe 0.00060 0.0056 2.7E-07 0.00022 3E-08 
alpha-Chlordaoe 0.00069 0.0064 1.4E-07 0.00025 I.5E-08 

gamma-Chlordane 0.0010 0.0092 2.0E-07 0.00035 2.2E-08 
4,4'-000 NO NO 4.2E-06 NO 4.7E-07 2 
4,4'-DDE ND ND 1.8E-06 ND 2E-07 2 
4,4'-00T 0.030 0.28 5.8E-06 0.011 6.5E-07 2 
Dioxin equivalents NO NO 2.4E-04 NO 2.7E-05 2 4 
Heptachlor 0.000060 0.00056 I.5E-07 0.000021 1.7E-08 

Dermal Inorg_nics 
Contact Antimony 0.0031 0.010 NO 0.0022 NO 

Arsenic 0.011 0.037 3.IE-06 0.0080 I.3E-06 2 4 
Chromium 0.0012 0.0040 NO 0.00086 NO 
Lead NO NO NO NO NO 
Manganese 0.0010 0.0033 NO 0.00072 NO 
Thallium 0.0031 0.010 NO 0.0022 NO 
Vanadium 0.00083 0.0027 NO 0.00059 NO 

Semivolatile Organics 
Benzo(ii)pynme equivalents ND ND 9.9E-06 ND 4.0E-06 2 4 

PesticidesIPCBsJDjoxm 
Aroclor 1254 0.033 0.11 8.2E-07 0.023 3.3E-07 
Aroclor 1260 NO NO 8.5E-06 NO 3.5E-06 2 4 
alpha-BHC NO NO 2.4E-07 NO 1E-07 
heta-BHC NO NO 3.8E-08 NO 1.6E-08 
delta-BHC NO NO 4.4E-07 NO 1.8E-07 
gamma-BHe 0.00049 0.0016 1.2E-07 0.00035 4.9E-08 
alpha-Chlordane 0.00056 0.0019 6.2E-08 0.00040 2.5E-08 
............. 1'hln .. A ...... e.-...... - ~ .•. ~.--.. - 0.00081 0.0027 8.9E~S 0.00058 3.6E-08 
4,4'-000 NO NO 1.9E-06 NO 7.7E-07 2 
4,4'-00E NO NO 7.9E-07 NO 3.2E-07 
4,4'-00T NO NO 2.6E-06 NO I.1E-06 2 4 
Dioxin equivalents NO NO I.1E-04 NO 4.4E-05 2 4 
Heptachlor 0.000049 0.00016 6.9E-08 0.000035 2.8E-08 

Inhalation Inorganics 
Antmony NO NO NO NO NO 
Arsenic NO NO 2.2E-08 NO 9.6E-09 
Chromium 0.0078 0.022 l.IE-07 0.0056 4.8E-08 
Lead NO NO NO NO NO 



Table 10.12.30 
Summary of Risk and Hazard-based COCs 
SWMU 6, SWMU 7, and AOC 635 
NA VBASE - Charleston, Zone G 
Chiiiles*..on, South Carolina 

Future Future 

Exposure Resident Adult Resident Child 

Medium Pathway Hazard Ouotient Hazard Ouotient 
Manganese 0.0024 
Thallium ND 
Vanadium ND 

Semivolatile Organics 
Benzo{a)pyrene equivalents ND 

resticideolPClIsIDionn 
Aroclor 1254 ND 
Aroclor 1260 ND 
a1pha-BHC ND 
beta-BHC ND 
delta-BHC ND 
gamma-BHe ND 
alpha-Chlordane ND 
gamma-Chlordane ND 
4,4'-DDD ND 
4,4'-DDE ND 
4,4'-DDT ND 
Dioxin equiva1cnts ND 
Heptachlor ND 

i Surface Soil Pathway Sum 0.2 
Groundwater Ingestion 

Pathways lnorganics 
Arsenie (As) 25 
Barium (8a) 0.12 
Beryllium (Be) 0.0077 

SemivoJatile Organics 
Pentachlorophenol 0.0018 

Groundwater Pathway Sum 25 
ISum of All Pathways 25 

Notes: 
ND Indicates not determined due to the lack of available risk information. 
NA Not applicable 
ILCR Indicates incremental excess lifetime cancer risk 
HI Indicates hazard index 
1- Chemical is a COC by virtue of projected child residence non--carcinogenic hazard. 
2- Chemical is a CDC by virtue of projected future resident lifetime ILCR. 
3- Chemical is a cae by virtue of projected site worker non-carcinogenic hazard. 
4- Chemical is a CDC by virtue of projected site worker ILCR. 

0.0068 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2 

57 
0.28 

0.QI8 

0.0043 

58 
59 

Future 
Resident Iwa Site Worker Identification 

ILCR Hazard Ouotient ILCR ofCOCs 
ND 0.0017 ND 
ND ND ND 
ND ND ND 

7.2E-1O ND 3.2E-1O 

1.4E-10 ND 6.2E-11 
I.5E-09 ND 6.4E-1O 
4.2E-ll ND 1.8E-11 
6.6E-12 ND 2.9E-12 
7.5E-11 ND 3.3E-ll 

ND ND ND 
I.1E-ll ND 4.6E-12 
1.5E-ll ND 6.7E-12 

ND ND ND 
ND ND ND 

4.5E-10 ND 2.0E-10 
1.9E-08 ND 8.1E-09 
1.2E-ll ND 5.3E-12 

5E-04 O.H 9E-05 

6. 1 E-03 8.8 1.4E-03 1 2 3 4 
ND 0.042 ND 1 

9.1E-05 0.0027 2.1E-05 2 4 

3.6E-06 0.00065 8.4E-07 2 

6E-03 9 IE-03 
7E-03 9 2E-03 
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The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 2 

reported concentration for each COC. Antimony was only detected in one surface soil sample out 3 

of 48 collected (both 1993 and RFI samples). Thallium was only detected in two of 48 surface soil 4 

samples and the concentration reported in only one exceeded its RBC. Arsenic was detected in 

45 of 48 surface soil samples at concentrations exceeding its RBC, however, it was only reported 6 

in four surface soil sample at a concentration exceeding its background concentration (one oniy 7 

marginally above its background concentration). BEQs were detected above the residential RBC 8 

in 39 of 48 surface soil samples collected for combined SWMU 6. Aroclor-1260 was detected in 9 

16 of 48 surface soil samples at concentrations above its RBC. Aroclor -1254 was only detected 10 

in one of 48 surface soil samples. The surface soil concentrations of 4,4'-DDD, 4,4'-DDE, and 11 

4,4'-DDT were reported at concentrations exceeding their RBCs in four, one, and seven out of 12 

48 samples, respectively. The highest concentrations ofBEQs, 4,4'-DDD, 4,4'-DDE, and 4,4'- 13 

DDT were reported in samples collected to the south of the concrete pad. 14 

First-quarter Groundwater 15 

Future Site Residents 16 

Arsenic, beryllium, and pentachlorophenol were identified as the groundwater COCs for combined 17 

S\V!\.1U 6, based on t..'1eir contribution to ILCR projections. Arsenic and barium were identified IR 

as COCs for combined SWMU 6, based on their contributions to HI projections. 19 

Future Site Workers 20 

Arsenic and beryllium were identified as the groundwater COCs for combined SWMU 6, based 21 

on theii contribution to ILCR projections. .l\.rsenic was identified as a CDC for combined 22 

SWMU 6, based on its contribution to HI projections. 23 
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The extent of the CDCs identified in groundwater is briefly discussed below. To facilitate this 

discussion of the extent of CDC concentrations, tap water RBCs were compared to each reported 2 

concentration for each CDC identified above. Arsenic was detected in all seven first-quarter 

groundwater samples at concentrations exceeding its RBC and in two samples at concentrations 4 

exceeding its background concentration. Arsenic equaled its background concentration at one 5 

other location. Barium was detected in only one first-quarter groundwater sample at a 6 

concentration exceeding its RBC. The highest concentrations of arsenic and barium were reported 7 

in the first-quarter groundwater sample collected from monitoring well 006003. Beryllium was 8 

detected at a concentration exceeding its RBC in all seven first-quarter groundwater samples with 9 

the highest concentrations reported in the samples collected from monitoring wells 006001 and 10 

006006. The only detected concentration of pentachlorophenol was reported in the first-quarter II 

groundwater sample collected from monitoring well 006004. 12 

10.12.6.6 Risk Uncertainty IJ 

Characterization of Exposure Setting and Identification of Exposure Pathways 14 

The potential for high bias is introduced through the exposure setting and pathway selection due 15 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 16 

Region IV when assessing potential future and current exposure. The exposure assumptions made 17 

in the site \vorker scenario are higi"Jy protective and would tend to overestiInate exposure. 18 

Residential use of the site would not be expected, based on current site uses and the nature of 19 

surrounding features. Current reuse plans call for continued commerciallindustrial or recreational 20 

use of Zone G. If this area were to be used as a residential site, existing features would be 21 

demolished, and the surface soil conditions would likely change - the soils could be covered with 22 

landscaping soil and/oi a house. Consequently, exposure to surface soil conditions as represented 23 

by samples collected during the RFI would not be likely under a true future residential scenario. 24 

These factors indicate that exposure pathways assessed in this HHRA would generally 25 

overestimate the risk and hazard posed to current site workers and future site residents. 26 
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Groundwater is not currently used at combined SWMU 6 for potable or industrial purposes. A 

base-wide system provides drinking and process water to buildings throughout Zone G. This 2 

system is planned to remain in operation under the current base reuse plan. As a result, use of 

shallow groundwater would not be expected under future site use scenarios. Therefore, the 4 

scenario established to project risklhazard associated with shallow groundwater exposure is highly 

conservative, and associated pathways are not expected to be completed in the future. 6 

Determination of Exposure Point Concentrations 7 

Exposure point concentrations for soil were set equal to the 95 % UCL calculated on the combined 8 

data set assembled from both the 1993 and RFI sampling events. Use of 95% UCLs represent 9 

conservative assumptions when applied as EPCs, such that it is unlikely that the 95 % UCLs 10 

underestimate the true mean site concentrations. Groundwater risk/hazard was calculated using 11 

the maximum detected concentration of each COPC as an EPC. It is unlikely that the maximum 12 

concentration detected in first-quarter groundwater samples underestimates the true mean 13 

concentration, and would generally overestimate risk and/or hazard. 14 

Frequency of Detection and Spatial Distribution 15 

Aroclor-1260, BEQs, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT were detected in most of the surface 16 

soil saulples collected for combined SWMU 6 and each of these COCs were well characterized 17 

with in the three-quarter-acre sampling grid. Dioxin analysis was only conducted in two surface 18 

soil samples, and as a result, the extent of dioxin has not been adequately characterized. 19 

Antimony, arsenic, and thallium each exceeded their background concentrations in few samples 20 

which suggests a relation to ambient soil conditions. 21 

Except for the second-quarter sample collected from monitoring well 006003, the second-quarter 22 

arsenic concentrations were either nondetect or nearly half of the reported first-quarter 23 

concentrations. Arsenic concentrations reported in the first and second-quarter groundwater 24 

samples collected from 006003 exceeded its RBC, its background concentration, and its MCL. 25 
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Second-quarter concentrations of beryllium were close to half of the reported first-quarter 

concentrations. The concentrations of barium were consistent between the first two quarters. 2 

Pentachlorophenol was only detected in one first-quarter groundwater sample and was nondetect 3 

for the second-quarter sampling round. 4 

Quantification of Risk/Hazard 

As indicated by the discussions above, the uncertainty and variability inherent III the risk 6 

assessment process is great. In addition, many site-specific factors have affected the uncertainty 7 

of this assessment that would upwardly bias the risk and hazard estimates. Exposure pathway- 8 

specific sources of uncertainty are discussed below. 9 

Soil 10 

A conservative screening process was used to identify COPCs for combined SWMU 6. The 11 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 12 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 13 

For carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 14 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 15 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened 16 

and elhT!inated from fonnal assessment, none was reported at a concentration close to its RBC 17 

(e.g., within 10% of its RBC). 18 

Groundwater 19 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 20 

screened and eliminated from fonnal assessment, none \-vas reported at a concentration close to its 21 

RBC (e.g., within 10% of its RBC). 22 
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Groundwater is not currently used as a potable water source at combined SWMU 6, nor is it used 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 2 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 3 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 4 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 5 

preclude this aquifer from being an acceptable source of potable water. 6 

Background-related Risk 7 

Soil 8 

Aluminum and beryllium were detected in combined SWMU 6 surface soil above their respective 9 

RBCs and manganese was detected in combined SWMU 6 groundwater above its tap water RBC. 10 

These elements were not considered in the risk assessment based on comparison to background II 

concentrations. It is not unusual for naturally occurring or background concentrations of some 12 

elements to exceed RBCs. It is the risk assessment's function to identify excess risk and/or !3 

hazard, or that which is above background levels. The following is a discussion of the residential 14 

scenario risk/hazard associated with background concentrations of these elements. 15 

The beryllium background surface soil concentration (1.2 mg/kg) equates with an ILCR of 9E-06 16 

(based on the adult and child lifethTie weighted average). The background surface soil 17 

concentrations of aluminum (18,700 mg/kg) and beryllium (1.2 mg/kg) equate with an HI of 0.3 18 

(based on the resident child). The background groundwater concentration of manganese 19 

(2,906 ug/L) equates with a an HI of 3. 20 

.. n ....... ,_ 

lU.l-'.U.1 Risk SUJllJuary 21 

The risk and hazard posed by contaminants at combined SWMU 6 were assessed for the future site 22 

worker and the future site resident under RME assumptions. In surface soils, the incidental 23 

ingestion, dermal contact, and inhalation pathways were assessed in this HHRA. The groundwater 24 
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pathway was based on ingestion of shallow groundwater which was represented by the RFI initial 

quarter groundwater data. Table 10.12.31 presents the risk summary for each soil 

pathway/receptor group evaluated for combined SWMU 6. 

Soil - Residential Scenario 

Residential soil pathway COCs identified for combined SWMU 6 include antimony, Aroclor-1260, 

Aroclor-1254, arsenic, BEQs, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, dioxin, and thallium. 

Figures 10.12-34 and 10.12-35 illustrate point risk and hazard estimates, respectively, for 

combined SWMU 6 surface soil pathways under a residential scenario. Table 10.12.32 

sununarizes the risk and hazard contribution of each COPC at each sample location. This point 

risk map is based on the unlikely assumption that a potential future site resident will be chronically 

exposed to specific points. Exposure to surface soil conditions is more likely the result of uniform 

exposure to the soil conditions of the entire site (or exposure unit area) rather than specific points. 

With this in mind, risk maps supplemented by the tables are useful in that they allow the reader 

to visualize how chemicals driving risk estimates are spatially distributed across the site. 

Risk estimates associated with the surface soil pathways exceeded lE-06 at all 48 locations. With 

a few exceptions, arsenic and BEQs were the primary contributors to risk estimates above 1 E-06 

at each surface soil sfullple location. Other contributors to risk include Aroclor~1260, alpha~BHC, 

beta-BRC, delta-BRC, gamma-BRC, alpha-chlordane, gamma-chlordane, 4,4'-DDD, 4,4'-DDE, 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

" " 

18 

4,4'-DDT, dioxin, and heptachlor which were significant contributors to risk estimates associated 19 

with 006SBOO1, 006SBOO2, and S07B27. Aroclor-1260 was also the primary contributor to risk 20 

estimates associated with surface soil samples S06B06 and S07B21, and a secondary contributor 21 

to risk estimates associated with 006SBOO3, S06B15, S06B20, S07B03, S07B05, S07B06, 22 

S07B07, S07B08, S07B09, S07BlO, S07Bll, S07B16, S07B19, and S07B23. ArocJor-1254 was 23 

the primary contributor to risk estimates associated with surface soil location S06B05. Risks 24 

estimates ranged from 4E-09 (S07B33) to 2E-03 (S07B21) with a mean risk of lE-04. 25 
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Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBA5E· Char1eston, Zone G 
Charleston, SQ! .. !th Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06l % Risk 

006 5BOOl 4,4'·000 930 UGlKG NA 0.5063 0.52 

006 5BOOl 4,4'·00E 1600 UG/KG NA 1.2341 1.26 

006 5BOOl 4,4'·00T 2200 UG/KG 0.0726 13.14 1.6969 1.73 

006 5BOOl Aroclar -1260 8600 UG/KG NA 39.0188 39.72 

006 5BOOl Arsenic (As) 9.5 MGlKG 0.4342 78.61 24.8140 25.26 

006 5BOOl B(a)P Equiv. 1788.3 UG/KG NA 29.2506 29.78 

006 5BOOl Manganese (Mn) 76.4 MG/KG 0.0455 8.25 NA 

006 58001 Thallium (TI) NO MG/KG NA NA 

006 58001 delta·BHC 120 UGlKG NA 1.7150 1.75 

To1al 0.5523 98.2356 

006 5B002 4,4'·000 20000 UGlKG NA 10.8890 2.24 

006 5B002 4,4'·00E 4900 UG/KG NA 3.7794 0.78 

= SBCC2 A A' nnT 54-"0 UG/KG 0.1798 23.27 4.2036 0.86 ..... ,...,.~ ....... 
006 58002 Aroclor-1260 5600 UGlKG NA 25.4076 5.23 

006 5BOO2 Arsenic (As) 11.65 MGlKG 0.5325 68.94 30.4298 6.26 

006 58002 8(a)P Equiv. 3690 UG/KG NA 61.1076 12.57 

006 5B002 Dioxin Equiv. 1020.925 NGlKG NA 347.4008 71.47 

006 5B002 Manganese (Mn) 100.95 MG/KG 0.0602 7.79 NA 

006 5B002 Thallium (TI) NO MG/KG NA NA 
006 58002 dena·8HC 200 UG/KG NA 2.8584 0.59 

To1al 0.7725 486.0760 

006 58003 4,4'·000 NO UG/KG NA NA 
006 56003 4,4'·00E 100 UG/KG NA 0.0771 0.44 

006 5B003 4,4'·00T 60 UG/KG 0.0020 0.90 0.0483 0.26 
006 58003 Aroclor-1260 240 UG/KG NA 1.0889 6.23 
006 5B003 Arsenic (As) 4.1 MG/KG 0.1874 85.36 10.7092 61.25 
006 5B003 B(a)P Equiv. 335.85 UG/KG NA 5.5618 31.81 
006 5B003 Manganese (Mn) 50.6 MG/KG 0.0302 13.74 NA 
006 5B003 Thallium (TI) NO MG/KG NA NA 
006 5B003 delta·BHe NO UG/KG NA NA 

Total 0.2195 17.4833 

006 5BOO4 4,4'·000 NO UG/KG NA NA 
006 5BOO4 4,4'·00E 24 UG/KG NA 0.Q185 0.04 
006 5BOO4 4,4'·00T 23 UG/KG 0.0008 0.07 0.0177 0.04 
006 5BOO4 Aroclor-1260 NO UG/KG NA NA 
006 5BOO4 Arsenic (As) 17.3 MG/KG 0.7907 69.97 45.1876 90.47 
006 5BOO4 B(a)p Equiv. 285.25 UG/KG NA 4.7236 9.46 
006 5BOO4 Manganese (Mn) 568 MG/KG 0.3366 29.96 NA 
006 SBOO4 Thallium (TI) ND MGJKG NA NA 
006 5BOO4 dena·BHe NO UG/KG NA NA 

Total t.1301 49.9477 

007 5B001 4,4'·000 NO UG/KG NA NA 
007 5BOOl 4,4'·00E NO UG/KG NA NA 
007 5B001 4,4'·00T NO UG/KG NA NA 
007 5B001 Aroclor-1260 NO UG/KG NA NA 
007 5BOOl Arsenic (As) 5.25 MG/KG 0.2400 69.36 13.7130 49.37 
007 5BOOl B(a)P Equiv. 846.3 UG/KG NA 14.0150 50.46 
007 5B001 Dioxin Equiv. 0.136 NG/KG NA 0.0470 0.17 
007 S6OO1 a. • .s ...... ouoe> .. ,.,11 .. \ 22.4 ~,,1G!KG 0.0134 3.85 NA ....... ·tr .. •• .. - " .... / 

007 5BOOl Thallium (TI) 0.54 MG/KG 0.0926 26.76 NA 
007 5BOOl dena·BHe NO UG/KG NA NA 

Total 0.3459 27.7750 

635 58001 4,4'·000 NO UG/KG NA NA 
635 5B001 4,4'·00E NO UG/KG NA NA 
635 5BOOl 4,.r·00T NO UGlKG NA NA 
635 5BOOl Aroclor·1260 NO UG/KG NA NA 
635 5BOOl Arsenic (As) 14.7 MG/KG 0.6719 79.66 36.3964 100.00 
635 5BOOl B(a)P Equiv. NO UG/KG NA NA 
635 5BOOl Manganese (Mn) 31.9 MG/KG 0.0190 2.25 NA 
635 5B001 Thallium (TI) 0.89 MG/KG 0.1525 18.09 NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBASE - Char1eslon, Zone G ,.. ... _.-1_ ... _ e ........ ro ........ li .... ... 'KIII'..-;:O ..... " ........... ,_ ..... "' ... 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

635 SBOOl de~a-BHC NO UGlKG NA NA 

Total 0.8435 36.3964 

S06 BOl 4,4'-000 NO UG/KG NA NA 

S06 Bol 4,4'-00E NO UG/KG NA NA 

S06 BOl 4,4'-OOT NO UG/KG NA NA 

S06 Bol Antimony NO MGlKG NA NA 

S06 Bol Aroclor 1254 NO UGlKG NA NA 

S06 Bol Aroclor 1260 NO UGlKG NA NA 

S06 Bol Arsenic 9.3 MG/KG 0.4251 74.92 24.292 67.95 

S06 Bol 8enzo(a)pyrene equiv. 691.93 UGlKG NA 11.459 32.05 

S06 Bol Chromium 17 MG/KG 0.0466 8.22 NA 

S06 Bol Heptachlor NO UG/KG NA NA 

S06 Bol Lead 320 MG/KG NA NA 
o~ on. ...... __ ..... _ ... 75 MG!KG 0.0447 7.88 NA 
~~ UO' IYoa, 'l5'CI.' , .. .-.. 

S06 Bol Thallium NO MG/KG NA NA 

S06 Bol Vanadium 26 MG/KG 0.0509 8.98 NA 

S06 Bol alpha-BHC NO UG/KG NA NA 

S06 Bol alpha-Chiordane NO UG/KG NA NA 

S06 Bol beta-BHC NO UG/KG NA NA 

S06 Bol de~a-BHC NO UG/KG NA NA 
S06 Bol gamma-BHC NO UG/KG NA NA 

S06 Bol gamma-Chlordane NO UGlKG NA NA 
Total 0.5674 35.750 

506 B02 4,4'-000 110 UG/KG NA 0.060 0.14 

S06 B02 4,4'-00E 42 UGlKG NA 0.032 0.07 

S06 B02 4,4'-00T 72 UG/KG 0.0024 0.66 0.056 0.13 
S06 B02 Antimony NO MG/KG NA NA 
S06 B02 Aroclor 1254 NO UG/KG NA NA 
S06 B02 Aroclor 1260 NO UG/KG NA NA 
S06 B02 Arsenic 5.1 MG/KG 0.2331 64.98 13.321 30.70 
S06 B02 Benzo(a)pyrene equiv. 1807.3 UG/KG NA 29.929 68.96 
S06 B02 Chromium 11 MG/KG 0.0302 8.41 NA 
S06 B02 Heptachlor NO UG/KG NA NA 
S06 B02 Lead 72 MG/KG NA NA 
S06 B02 Manganese 120 MG/KG 0.0715 19.94 NA 
S06 B02 Thallium NO MG/KG NA NA 
S06 B02 Vanadium 11 MG/KG 0.0215 6.01 NA 
S06 B02 alpha-BHC NO UG/KG NA NA 
S06 B02 alpha-Chlordane NO UG/KG NA NA 
S06 B02 beta-BHC NO UG/KG NA NA 
S06 602 delta-SHe ND UG/KG NA NA 
S06 B02 gamma-SHe NO UG/KG NA NA 
S06 B02 gamma-Chlordane NO UG/KG NA NA 

Total 0.3587 43.398 

S06 B03 4,4'-000 13 UG/KG NA 0.007 0.03 
S06 B03 4,4'-00E 53 UG/KG NA 0.041 0.17 
S06 B03 4,4'-00T 11 UG/KG 0.0004 0.06 0.008 0.04 
S06 B03 Antimony NO MG/KG NA NA 
S06 B03 Aroclor 1254 NO UG/KG NA NA 
S06 B03 Aroclor 1260 NO UG/KG NA NA 
O~ DM AiSEnic B ... ,..'v,... n ~ell:"7 e~ a~ ""I"'IOnl:! an A..., 
~~ UVV IYIU/~U V.oJVV/ V .... UI , ..... uo;>V u;;> . .,., 

S06 B03 Benzo(a)pyrene equiv. 145.81 UG/KG NA 2.415 10.33 
S06 B03 Chromium 17 MG/KG 0.0466 8.14 NA 
S06 B03 Heptachlor NO UG/KG NA NA 
S06 B03 Lead 57 MG/KG NA NA 
S06 B03 Manganese 190 MG/KG 0.1133 19.n NA 
S06 B03 Thallium NO MG/KG NA NA 
S06 B03 Vanadium 24 MG/KG 0.0470 8.20 NA 
S06 B03 alpha-BHC NO UG/KG NA NA 
S06 B03 alpha~Chlordane NO UG/KG NA NA 
S06 B03 beta-BHC NO UG/KG NA NA 
S06 B03 detta~BHC NO UG/KG NA NA 
S06 803 gamma~BHC NO UG/KG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAV8A5E - Charleston, Zone G 
Ct"lari9Ston, South Carolina 

5tte Location Parameter Concentration Units Hazard Index %HI Risk (E.Q6) % Risk 

506 B03 gamma-Chlordane 2.8 UG/KG 0.0001 0.02 0.002 0.01 

Total 0.5730 23.369 

506 B04 4,4'-000 27 UG/KG NA 0.015 O.OS 

506 B04 4,4'-00E 99 UG/KG NA 0.076 0.26 

506 B04 4,4'-00T 200 UG/KG 0.0066 1.27 0.154 0.63 

506 B04 Antimony NO MGlKG NA NA 

506 B04 Aroclor 1254 NO UG/KG NA NA 
506 B04 Aroclor 1260 NO UG/KG NA NA 

506 B04 Arsenic 8.2 MG/KG 0.3748 72.01 21.418 73.27 

506 B04 Benzo(a)pyrene equiv. 454.55 UGlKG NA 7.527 25.75 

506 B04 Chromium 20 MGlKG 0.0548 10.54 NA 

506 B04 Heptachlor NO UG/KG NA NA 
506 B04 Lead 100 MGlKG NA NA 
506 B04 M~!nganese 99 MGlKG 00531 10.19 NA 

506 B04 Thallium NO MGlKG NA NA 
506 B04 Vanadium 15 MGlKG 0.0294 5.55 NA 
506 B04 alpha-BHC NO UG/KG NA NA 
506 B04 alpha-Chlordane 20 UG/KG 0.0007 0.13 0.016 O.OS 
506 B04 beta-BHC NO UG/KG NA NA 
506 B04 della-BHC NO UGlKG NA NA 
506 B04 gamma-SHe NO UGlKG NA NA 
506 B04 gamma-ChkJrdane 34 UG/KG 0.0011 0.22 0.027 0.09 

Total 0.5205 29.234 

506 B05 4,4'-000 590 UGlKG NA 0.321 0.24 
506 B05 4,4'-00E 1000 UGlKG NA 0.771 0.59 
506 B05 4,4'-00T 4200 UG/KG 0.1385 0.63 3.239 2.46 
506 BOS Antimony NO MG/KG NA NA 
506 B05 Aroclor 1254 26000 UG/KG 21.4411 98.24 117.964 89.72 
506 B05 Aroclor 1260 NO UG/KG NA NA 
506 BOS Arsenic 2.4 MGlKG 0.1097 O.SO 6.269 4.77 
506 B05 Benzo(a)pyrene equiv. 175.72 UG/KG NA 2.910 2.21 
506 B05 Chromium 10 MGlKG 0.0274 0.13 NA 
506 BOS Heptachlor NO UG/KG NA NA 
506 BOS Lead 6.9 MGlKG NA NA 
506 B05 Manganese lSO MG/KG 0.0994 0.41 NA 
506 805 Thallium NO MG/KG NA NA 
506 B05 Vanadium 10 MG/KG 0.0196 0.09 NA 
506 BOS alpha-BHC NO UG/KG NA NA 
506 B05 alpha-Chlordane NO UG/KG NA NA 
506 B05 beta-BHC NO UG/KG NA NA 
S06 905 delta:BHC ND UG/KG NA NA 
506 BOS gamma-SHe NO UG/KG NA NA 
506 B05 gamma-Chlordane NO UG/KG NA NA 

Total 21.8258 131.475 

505 B06 4,4'-000 140 UG/KG NA 0.076 0.38 
506 B06 4,4'-00E 170 UG/KG NA 0.131 0.65 
505 B06 4,4'-00T BOO UG/KG 0.0198 11.51 0.463 2.30 
506 B06 Antimony NO MG/KG NA NA 
506 B05 Aroclor 1254 NO UG/KG NA NA 
506 B06 Aroclor 1260 2400 UG/KG NA 10.889 54.21 
S06 806 Arsenic 1.9 MG!KG 0.0868 SO.SO 4.963 24.71 
506 B05 Benzo(a)pyrene equiv. 215.19 UG/KG NA 3.564 17.74 
506 B06 Chromium 7.1 MG/KG 0.0195 11.32 NA 
506 B06 Heptachlor NO UG/KG NA NA 
506 B06 Lead 11 MG/KG NA NA 
506 B06 Manganese 47 MG/KG 0.0280 16.30 NA 
506 B06 Thallium NO MG/KG NA NA 
506 B06 Vanadium 9.1 MG/KG 0.0178 10.37 NA 
506 B06 alpha-BHC NO UGlKG NA NA 
506 B06 alpha-Chlordane NO UG/KG NA NA 
506 B06 beta-BHC NO UG/KG NA NA 
506 B06 della-BHC NO UG/KG NA NA 
506 B06 gamma-BHe NO UGlKG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBA5E - Charleston, Zone G 
,.. ...... ..t_t.... C! .... It ... "" ....... Ii .. '" ...... ,I .. , .... ~.V", ........... ................. 

Site location Parameter Concentration Units Hazard Index %HI Risk(E~l % Risk 

506 B06 gamma-Chlordane NO UG/KG NA NA 
Total 0.1720 20.086 

S06 B07 4,4'-000 420 UG/KG NA 0.229 1.06 

506 B07 4,4'-00E 430 UGlKG NA 0.332 1.57 

506 B07 4,4'-00T 2000 UGlKG 0.0660 16.06 1.543 7.29 

506 B07 Antimony NO MG/KG NA NA 

506 B07 Aroclor 1254 NO UG/KG NA NA 

506 B07 Aroclor 1260 NO UG/KG NA NA 

S06 B07 Arsenic 5 MG/KG 0.2285 55.63 13.060 61.71 

506 B07 Benzo(a)pyrene equiv. 350.16 UG/KG NA 5.799 27.40 

506 B07 Chromium 16 MG/KG 0.0439 10.68 NA 

506 B07 Heptachlor NO UGlKG NA NA 

506 B07 Lead 64 MG/KG NA NA 

S06 607 Manganese 48 MGrr<G 0.0288 on, .,. 
V.::lI .. ~ 

506 B07 Thallium NO MG/KG NA NA 

506 B07 Vanadium 19 MG/KG 0.0372 9.06 NA 
506 B07 alpha-BHC NO UGlKG NA NA 
506 B07 alpha-Chlordane 68 UGlKG 0.0022 0.53 0.052 0.25 
506 807 beta-BHC NO UG/KG NA NA 
506 B07 delta-8HC NO UGlKG NA NA 
506 B07 gamma-BHe 26 UGlKG 0.0014 0.35 o.on 0.36 
506 B07 gamma-Chlordane 91 UGlKG 0.0030 0.73 0.072 0.34 

Total 0.4106 21.163 

S06 814 4,4'-DDD ND UGlKG NA NA 
506 B14 4,4'-00E NO UG/KG NA NA 
506 B14 4,4'-00T NO UGlKG NA NA 
506 B14 Antimony NO MG/KG NA NA 
506 B14 Aroclor 1254 NO UGlKG NA NA 
506 814 Aroclor 1260 NO UG/KG NA NA 
506 814 Arsenic 3.7 MG/KG 0.1691 55.60 9.664 70.15 
506 814 Benzo(a)pyrene equiv. 248.27 UG/KG NA 4.111 29.85 
506 B14 Chromium 23 MG/KG 0.0631 20.74 NA 
506 814 Heptachlor NO UG/KG NA NA 
506 B14 Lead 20 MG/KG NA NA 
506 B14 Manganese 55 MG/KG 0.0328 10.78 NA 
506 B14 Thallium NO MG/KG NA NA 
506 B14 Vanadium 20 MG/KG 0.0392 12.88 NA 
506 B14 alpha-8HC NO UG/KG NA NA 
506 814 alpha-Chlordane NO UG/KG NA NA 
506 814 beta-BHC NO UG/KG NA NA 
SOB Bi4 deita-BHe ND UG/KG NA NA 
506 B14 gamma-SHe NO UG/KG NA NA 
506 B14 gamma-Chlordane NO UG/KG NA NA 

Total 0.3042 13.n6 

506 B15 4,4'-000 NO UG/KG NA NA 
506 B15 4,4'-00E NO UG/KG NA NA 
506 B15 4,4'-00T NO UG/KG NA NA 
506 B15 Antimony 7.5 MGlKG 0.2571 35.57 NA 
506 B15 Aroclor 1254 NO UG/KG NA NA 
506 B15 Aroclor 1260 970 UG/KG NA 4.401 9.18 
S06 615 Arsenic 4.0 MGiKG 0.2194 30.36 12.538 26.14 
506 B15 Benzo(a)pyrene equiv. 1873.6 UG/KG NA 31.027 64.69 
506 B15 Chromium 25 MG/KG 0.0686 9.49 NA 
506 815 Heptachlor NO UG/KG NA NA 
506 B15 Lead 1000 MG/KG NA NA 
S06 815 Manganese 160 MG/KG 0.0954 13.20 NA 
506 815 Thallium NO MGlKG NA NA 
506 815 Vanadium 42 MG/KG 0.0623 11.38 NA 
506 815 alpha-BHC NO UG/KG NA NA 
506 B15 alpha-Chlordane NO UG/KG NA NA 
506 B15 bela-8HC NO UG/KG NA NA 
506 B15 de~a-BHC NO UG/KG NA NA 
506 B15 gamma-SHe NO UG/KG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBA5E - Cha~eston, Zone G 
Chaneston, South C8ro!!na 

Site Location Parameter Concentration Units Hazard Index %HI Risk{E~1 % Risk 

506 B15 gamma-Chlordane NO UG/KG NA NA 

Total 0.7227 47.966 

506 B21 4,4'-000 8.2 UGlKG NA 0.004 0.03 

506 B21 4,4'-00E 9.9 UGlKG NA 0.008 0.04 

506 821 4,4'-00T NO UGlKG NA NA 

506 B21 Antimony NO MG/KG NA NA 

506 B21 ArockJr 1254 NO UGlKG NA NA 

506 B21 Aroclor 1260 420 UG/KG NA 1.906 11.07 

506 B21 Arsenic 3.7 MG/KG 0.1691 48.69 9.664 56.17 

506 B21 Benzo(a)pyrene equiv. 339.67 UGlKG NA 5.625 32.69 

506 B21 Chromium 36 MG/KG 0.1042 30.00 NA 

506 B21 Heptachlor NO UGlKG NA NA 

506 B21 Lead 8.5 MG/KG NA NA 

506 821 .. A ................... 65 MG/KG 0.0388 11.16 NA ,n .. ·'tr .. ,·_-

506 B21 Thallium NO MG/KG NA NA 

506 B21 Vanadium 18 MGlKG 0.0353 10.15 NA 

506 B21 alpha-BHC NO UG/KG NA NA 
506 B21 alpha-Chlordane NO UG/KG NA NA 

506 B21 beta-BHC NO UG/KG NA NA 
506 B21 detta-BHC NO UG/KG NA NA 
506 B21 gamma-BHC NO UG/KG NA NA 
506 B21 9!mma-Chlordane NO UG/KG NA NA 

Total 0.3473 17.207 

S06 825 4,4'-000 135 UG/KG NA 0.007 0.06 
506 B25 4,4'-00E 49.5 UG/KG NA 0.036 0.29 
506 B25 4,4'-00T 36 UG/KG 0.0012 0.26 0.028 0.21 
S06 B25 Antimony NO MGlKG NA NA 
S06 B25 Aroclor 1254 NO UG/KG NA NA 
S06 B25 Aroclor 1260 NO UG/KG NA NA 
S06 B25 Arsenic 4.5 MG/KG 0.2057 44.75 11.754 89.36 
S06 B25 Benzo( a )pyrene equiv. 78.05 UG/KG NA 1.293 9.83 
506 B25 Chromium 64 MG/KG 0.1755 36.19 NA 
S06 B25 Heptachlor NO UG/KG NA NA 
506 B25 Lead 12.05 MG/KG NA NA 
S06 B25 Manganese 74.95 MG/KG 0.0447 9.72 NA 
506 825 Thallium NO MG/KG NA NA 
S06 B25 Vanadium 16.25 MG/KG 0.0318 6.93 NA 
S06 B25 alpha-BHC NO UG/KG NA NA 
S06 B25 alpha-Chlordane 5.35 UG/KG 0.0002 0.04 0.004 0.03 
S06 B25 beta-8HC NO UGIKG NA NA 
S06 825 delta-SHe £.' UG/KG NA 0.010 U.ur 

S06 B25 gamma-SHe 4.6 UG/KG 0.0003 0.06 0.014 0.10 
S06 B25 gamma-Chlordane 8.4 UGIKG 0.0003 0.06 0.007 0.05 

Total 0.4596 13.154 

S06 826 4,4'-000 NO UGIKG NA NA 
S06 826 4,4'-00E NO UGIKG NA NA 
S06 826 4,4'-00T NO UG/KG NA NA 
S06 B26 Antimony NO MGIKG NA NA 
S06 B26 Aroclor 1254 NO UGIKG NA NA 
S06 B26 Aroclor 1260 NO UGIKG NA NA 
S06 B2S A;senic • < MG/KG 0.0731 32.38 4.179 100.00 •. U 

506 B26 Benzo(a)pyrene equiv. NO UGIKG NA NA 
506 826 Chromium 30 MGIKG 0.0823 36.43 NA 
S06 B26 Heptachlor NO UGIKG NA NA 
506 B26 Lead 4.9 MGIKG NA NA 
506 826 Manganese 59 MGIKG 0.0352 15.56 NA 
506 B26 Thallium NO MGIKG NA NA 
S06 B26 Vanadium 18 MGIKG 0.0363 15.61 NA 
506 B26 alpha-8HC NO UGIKG NA NA 
506 B26 alpha-Chlordane NO UG/KG NA NA 
S06 B26 beta-8HC NO UGIKG NA NA 
S06 B26 detta-8HC NO UGIKG NA NA 
506 826 gamma-BHe NO UGIKG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBA5E - Charteslon, Zone G 
Charleston, SO'.J'!:h Carolina 

5rte Location Parameter Concentration Units Hazard Index %HI Risk (E-ll6l % Risk 

506 B26 gamma-Chlordane NO UGIKG NA NA 
Total 0.2258 4.179 

507 803 4,4'-000 5.3 UGlKG NA 0.003 0.03 

507 803 4,4'-00E 26.5 UGIKG NA 0.022 0.24 

507 803 4,4'-00T 18.5 UGIKG 0.0006 0.26 0.014 0.15 
507 803 Antimony NO MGIKG NA NA 
507 803 Aroclor 1254 NO UGIKG NA NA 
507 803 Aroclor 1260 410 UGlKG NA 1.860 19.98 

507 803 Arsenic 2.45 MGIKG 0.1120 48.44 6.399 68.75 
507 803 Benzo(a)pyrene equiv. 60.6725 UGlKG NA 1.005 10.79 
507 803 Chromium 8.1 MGIKG 0.0= 9.61 NA 
507 803 Heptachlor NO UGIKG NA NA 
507 B03 Lead 22.45 MGIKG NA NA 
on' DM • .1 ... __ .... __ 135 MG/KG 0.OS11 35.07 NA ~u, ~uo ,,,,al I~ .. , ........ 

507 B03 Thallium NO MGIKG NA NA 
507 803 Vanadium 7.7 MGIKG 0.0151 6.52 NA 
507 803 alpha-8HC NO UGIKG NA NA 
507 803 alpha-Chlordane NO UGIKG NA NA 
507 803 beta-8HC NO UGIKG NA NA 
507 803 de~a-8HC NO UGIKG NA NA 
507 803 gamma-BHe NO UGIKG NA NA 
507 803 gamma-Chlordane 6 UGIKG 0.0002 0.09 0.005 0.05 

Total 0.2312 9.308 

507 B04 4,4'-DDD 180 UG/KG NA 0098 033 
507 B04 4,4'-00E 430 UGIKG NA 0.332 1.12 
507 B04 4,4'-00T 160 UGIKG 0.0053 0.97 0.123 0.42 
507 804 Antimony NO MGIKG NA NA 
507 804 Aroclor 1254 NO UGIKG NA NA 
507 804 Aroclor 1260 NO UGIKG NA NA 
507 804 Arsenic 9.6 MGIKG 0.4388 80.90 25.075 85.05 
507 B04 8enzo( a )pyrene equiv. 232.25 UGIKG NA 3.848 13.05 
507 804 Chromium 15 MGIKG 0.0411 7.58 NA 
507 804 Heptachlor NO UGIKG NA NA 
507 804 Lead 74 MGIKG NA NA 
507 804 Manganese 73 MGIKG 0.0435 8.02 NA 
507 804 Thallium NO MGIKG NA NA 
507 804 Vanadium 6.8 MGIKG 0.0133 2.48 NA 
507 804 alpha-BHC NO UGIKG NA NA 
507 804 alpha-Chlordane 9.8 UGIKG 0.0003 0.06 0.008 0.03 
507 804 beta-8HC NO UGIKG NA NA 
S07 804 deita-BHC ND UGiKG NA NA 
507 804 gamma-8HC NO UGIKG NA NA 
507 804 gamma-Chlordane NO UGIKG NA NA 

Total 0.5424 29.482 

507 805 4,4'-000 4.2 UGIKG NA 0.002 0.02 
507 805 4,4'-00E 210 UGIKG NA 0.162 1.66 
507 805 4,4'-00T 110 UGIKG 0.0036 1.58 0.085 0.87 
507 805 Antimony NO MGIKG NA NA 
507 805 Aroclor 1254 NO UGIKG NA NA 
507 805 Aroclor 1260 330 UGIKG NA 1.497 15.36 
"", D"" AnSSiiic " MG/KG 0.1234 52.94 7.052 72.36 vU' ~uo <., 

507 805 Benzo(a)pyrene equiv. 57.065 UGIKG NA 0.945 9.70 
507 B05 Chromium 7.7 MGIKG 0.0211 9.06 NA 
507 805 Heptachlor NO UGIKG NA NA 
507 B05 Lead 45 MGIKG NA NA 
507 B05 Manganese 120 MGIKG 0.0715 30.69 NA 
507 805 Thallium NO MGIKG NA NA 
507 805 Vanadium 6.8 MGIKG 0.0133 5.71 NA 
507 B05 alpha-8HC NO UGIKG NA NA 
507 B05 alpha-Chlordane NO UGIKG NA NA 
507 805 beta-8HC NO UGIKG NA NA 
507 805 de~a-BHC NO UGIKG NA NA 
507 805 gamma-SHC NO UGIKG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

S07 BOO 4,4'-000 
S07 BOO 4,4'-00E 
507 BOO 4,4'-00T 
507 BOO Antimony 
507 BOO Aroclor 1254 
S07 BOO Aroclor 1260 
S07 BOO Arsenic 
S07 BOO Benzo(a)pyrene equiv. 
507 BOO Chromium 
S07 BOO Heptachlor 
S07 BOO Lead 
S07 90s l ...... "", ... _ ... 

....... ,If' .... ...-

S07 BOO Thallium 
S07 BOO Vanadium 
S07 BOO alpha-BHC 
S07 B06 alpha-Chlordane 
S07 BOO beta-BHC 
S07 BOO delta-BHC 
S07 BOO gamma-SHe 
S07 BOO gamma-Chlordane 

Total 

S07 B07 4,4'-000 
S07 B07 4,4'-00E 
S07 B07 4,4'-00T 
S07 B07 Antimony 
S07 B07 Aroclor 1254 
507 B07 Aroclor 1260 
S07 B07 Arsenic 
S07 B07 Benzo(a)pyrene equiv. 
S07 B07 Chromium 
S07 B07 Heptachlor 
S07 B07 Lead 
S07 B07 Manganese 
S07 B07 Thallium 
S07 B07 Vanadium 
S07 B07 alpha-BHC 
S07 B07 alpha-Chlordane 
S07 B07 beta-BHC 
507 807 delta-SHe 
S07 B07 gamma-BHC 
S07 B07 gamma-Chlordane 

Total 

S07 BOB 4,4'-000 
S07 BOB 4,4'-00E 
S07 B08 4,4'-00T 
S07 BOB Antimony 
S07 BOB Aroclor 1254 
S07 B08 Aroclor 1260 
507 SOS AiSenic 
S07 BOB 8enzo(a)pyrene equiv. 
S07 BOB Chromium 
S07 BOB Heptachlor 
S07 BOB lead 
S07 BOB Manganese 
S07 BOB Thallium 
507 BOB Vanadium 
S07 BOB alpha-BHC 
S07 BOB alpha-Chlordane 
S07 BOB beta-BHC 
507 BOB delta-BHe 
S07 BOB gamma-BHe 

NO 
240 
120 
NO 
NO 

550 
11 

1467.2 
17 

NO 
43 

140 
NO 
19 

NO 
NO 
NO 
3.8 
NO 
NO 

120 
340 
65 

NO 
NO 

780 
16 

221.18 
18 

NO 
220 

38 
NO 
12 

NO 
NO 
NO 
ND 
NO 
NO 

110 
530 
480 
NO 
NO 

1400 ,. .. " 
841.41 

22 
NO 
60 

230 
NO 
25 

NO 
13 

NO 
NO 
NO 

UG/KG NA NA 

UG/KG NA 0.185 0.33 

UGlKG 0.0040 0.59 0.093 0.17 
MG/KG NA NA 
UGlKG NA NA 
UG/KG NA 2.495 4.47 
MG/KG 0.5028 74.59 28.732 51.47 

UGlKG NA 24.297 43.53 
MG/KG 0.0466 6.92 NA 
UGlKG NA NA 
MGlKG NA NA 
MGlKG 0.0835 12.38 NA 
MGlKG NA NA 
MGlKG 0.0372 5.52 NA 
UGlKG NA NA 
UG/KG NA NA 
UG/KG NA NA 
UGlKG NA 0.016 0.03 
UGlKG NA NA 
UGlKG NA NA 

0.6741 55.818 

UGlKG NA 0.065 0.13 
UG/KG NA 0.262 0.53 
UG/KG 0.0021 0.26 0.050 0.10 
MGlKG NA NA 
UG/KG NA NA 
UG/KG NA 3.539 7.17 
MG/KG 0.7313 88.22 41.792 84.65 
UG/KG NA 3.663 7.42 
MG/KG 0.0494 5.95 NA 
UG/KG NA NA 
MG/KG NA NA 
MG/KG 0.0227 2.73 NA 
MG/KG NA NA 
MG/KG 0.0235 2.84 NA 
UG/KG NA NA 
UG/KG NA NA 
UG/KG NA NA 
UG/KG NA NA 
UG/KG NA NA 
UG/KG NA NA 

0.8290 49.371 

UG/KG NA 0.060 0.16 
UG/KG NA 0.409 1.10 
UG/KG 0.0158 2.63 0.370 1.00 
MG/KG NA NA 
UGlKG NA NA 
UG/KG NA 6.352 17.10 
MG/KG 0.3382 ""~ 19.329 52.03 OJU.~~ 

UG/KG NA 10.622 28.59 
MG/KG 0.0603 10.04 NA 
UG/KG NA NA 
MG/KG NA NA 
MG/KG 0.1371 22.82 NA 
MG/KG NA NA 
MG/KG 0.0490 8.15 NA 
UG/KG NA NA 
UG/KG 0.0004 0.07 0.010 0.03 
UG/KG NA NA 
UG/KG NA NA 
UG/KG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface 5011 PathWays 
Residential Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBA5E - Charleston, Zone G 
Charleston, South Cam"!"!!! 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

507 BOO gamma-Chlordane NO UG/KG NA NA 

Total 0.6009 37.152 

507 B09 4,4'-000 NO UG/KG NA NA 

507 B09 4,4'-00E NO UG/KG NA NA 

507 B09 4,4·-00T NO UG/KG NA NA 

507 B09 Antimony NO MG/KG NA NA 

507 B09 Aroclor 1254- NO UGlKG NA NA 

507 B09 Aroclor 1260 270 UG/KG NA 1.225 9.13 

507 B09 Arsenic 2.3 MG/KG 0.1051 52.85 6.008 44.78 

507 B09 Benzo(a)pyrene equiv. 373.34 UGlKG NA 6.163 46.09 

507 B09 Chromium 5.5 MG/KG 0.0151 7.58 NA 

507 B09 Heptachlor NO UGlKG NA NA 

507 B09 Lead 12 MG/KG NA NA 

507 80s ...... "n .. nIOCUIo 110 MG/KG 0.06-56 32.97 NA '._"/:1'-"---
507 B09 Thallium NO MG/KG NA NA 

507 B09 Vanadium 6.7 MG/KG 0.0131 6.60 NA 
507 B09 alpha-BHC NO UG/KG NA NA 
507 B09 alpha-Chlordane NO UG/KG NA NA 
507 B09 beta-BHC NO UG/KG NA NA 
507 B09 detta-BHe NO UG/KG NA NA 
507 B09 gamma-BHe NO UG/KG NA NA 
507 B09 gamma--Chlordane NO UG/KG NA NA 

Total 0.1989 13.415 

507 B10 4,4'-000 NO UG/KG NA NA 
507 B10 4,4'-00E 71 UG/KG NA 0.055 0.05 
507 B10 4,4'-00T 24 UG/KG 0.0008 0.04 0.019 0.02 
507 B10 Antimony NO MG/KG NA NA 
507 B10 Aroclor 1254 NO UG/KG NA NA 
507 B10 Aroclor 1260 290 UG/KG NA 1.316 1.25 
507 B10 Arsenic 38 MG/KG 1.7389 84.29 99.256 94.26 
507 B10 Benzo(a)pyrene equiv. 281.35 UG/KG NA 4.659 4.42 
507 B10 Chromium 21 MG/KG 0.0576 2.60 NA 
507 B10 Heptachlor NO UG/KG NA NA 
507 B10 Lead 28 MG/KG NA NA 
507 B10 Manganese 320 MG/KG 0.1908 9.26 NA 
507 B10 Thallium NO MG/KG NA NA 
507 B10 Vanadium 38 MG/KG 0.0744 3.61 NA 
507 B10 alpha-BHC NO UG/KG NA NA 
507 B10 alpha-Chlordane NO UG/KG NA NA 
507 B10 beta-BHC NO UG/KG NA NA 
S07 B10 delta-SHe ND UG/KG NA .,. 

,,~ 

507 B10 gamma-BHe NO UG/KG NA NA 
507 B10 gamma-Chlordane NO UG/KG NA NA 

Total 2.0605 105.304 

507 B11 4,4'-000 30 UG/KG NA 0.016 0.07 
507 B11 4,4'-00E NO UG/KG NA NA 
507 B11 4,4'-00T 90 UG/KG 0.0030 0.90 0.069 0.30 
507 B11 Antimony NO MG/KG NA NA 
507 B11 Aroclor 1254 NO UGlKG NA NA 
507 B11 Aroclor 1260 1500 UG/KG NA 6.806 29.86 
S07 811 Arsenic 4.7 MG/KG 0.2148 55.34 12.275 53.87 
507 B11 Benzo(a)pyrene equiv. 201.03 UG/KG NA 3.329 14.61 
507 B11 Chromium 9 MG/KG 0.0247 7.51 NA 
507 B11 Heptachlor NO UGlKG NA NA 
507 B11 Lead 46 MG/KG NA NA 
507 B11 Manganese 99 MG/KG 0.0590 17.95 NA 
507 B11 Thallium NO MG/KG NA NA 
507 B11 Vanadium 7.7 MG/KG 0.0151 4.59 NA 
507 B11 alpha-BHC NO UG/KG NA NA 
507 B11 alpha-Chlordane 150 UG/KG 0.0049 1.50 0.119 0.52 
507 B11 beta-BHC NO UG/KG NA NA 
507 B11 delta-BHC NO UG/KG NA NA 
507 B11 gamma-BHC NO UG/KG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBA5E - Chaneston, Zone G 
....... _"' __ 6 __ ~_ .• n. ,.._._1; ...... 
..... llall~~ul', uu .... , ......... m ... 

Site Location Parameter Concentrabon Units Hazard Index %HI Risk (E.a;l '!bRisk 

507 Bll gamma-Chlordane 220 UG/KG 0.0073 2.21 0.175 0.77 
Total 0.3288 22.791 

507 B12 4,4'-000 NO UG/KG NA NA 

507 B12 4,4'-00E 6.3 UG/KG NA 0.005 0.03 

507 B12 4,4'-00T 7·6 UG/KG 0.0003 0.05 0.006 0.03 

507 B12 Antimony NO MG/KG NA NA 
507 B12 Aroclor 1254 NO UG/KG NA NA 
507 B12 Aroclor 1260 130 UGlKG NA 0.590 3.21 
507 B12 Arsenic 6.3 MGlKG 0.2880 57.BB 16.456 89.52 
507 B12 8enzo(a)pyrene equiv. 80.09 UGlKG NA 1.328 7.22 
507 B12 Chromium 9.1 MG/KG 0.0250 5.02 NA 
507 B12 Heptachlor NO UG/KG NA NA 
507 B12 Lead 28 MG/KG NA NA 
507 Bi2 Manganese 280 MG/KG 0.1869 ...... ~~ ... 

~.;;JO;) "n 
507 B12 Thallium NO MGlKG NA NA 
507 B12 Vanadium 8.9 MGlKG 0.0174 3.50 NA 
507 B12 alpha-BHC NO UG/KG NA NA 
507 B12 alpha--Chlordane NO UGlKG NA NA 
507 B12 beta-BHC NO UG/KG NA NA 
507 B12 delta-BHC NO UG/KG NA NA 
507 B12 gamma-SHe NO UG/KG NA NA 
507 B12 gamma-Chlordan-e NO UG/KG NA NA 

Total 0.4975 18.383 

S07 813 A A'_nnn 78 UG/KG NA 0.042 0.06 --.,-,-- ......... 
507 B13 4,4'-00E 570 UG/KG NA 0.440 0.83 
507 B13 4,4'-00T 460 UG/KG 0.0152 1.15 0.355 0.51 
507 B13 Antimony NO MGlKG NA NA 
507 B13 Aroclor 1254 NO UG/KG NA NA 
507 B13 Aroclor 1260 NO UG/KG NA NA 
507 B13 Arsenic 24 MG/KG 1.0970 83.42 62.BBB 69.95 
507 B13 Benzo(a)pyrene equiv. 371.96 UG/KG NA 6.160 8.64 
507 B13 Chromium 19 MG/KG 0.0521 3.96 NA 
507 B13 Heptachlor NO UG/KG NA NA 
507 B13 Lead 58 MG/KG NA NA 
507 B13 Manganese 160 MG/KG 0.0954 7.25 NA 
507 B13 Thallium NO MG/KG NA NA 
507 B13 Vanadium 28 MG/KG 0.0548 4.17 NA 
507 B13 alpha-BHC NO UG/KG NA NA 
507 B13 alpha-Chlordane 14 UG/KG 0.0005 0.04 0.011 0.02 
507 B13 beta-BHC NO UG/KG NA NA 
507 813 dena-SHe ND UG/KG NA NA 
507 B13 gamma-SHe ND UG/KG NA NA 
507 B13 gamma-Chlordane NO UG/KG NA NA 

Total 1.3150 69.696 

507 B16 4,4'-000 5900 UG/KG NA 3.212 3.21 
507 B16 4,4'-00E 1400 UG/KG NA 1.060 1.08 
507 B16 4,4'-00T 360 UG/KG 0.0119 2.40 0.278 0.28 
507 B16 Antimony NO MG/KG NA NA 
507 B16 Aroclor 1254 NO UG/KG NA NA 
507 B16 Aroclor 1250 5800 UG/KG NA 28.315 28.33 
507 816 Arsenic 6.7 MGiKG 0.3062 6i.8; ;7.500 i7.S; 
507 B16 Benzo(a)pyrene equiv. 3083 UG/KG NA 51.055 51.08 
507 B16 Chromium 9.9 MG/KG 0.0272 5.46 NA 
507 B16 Heptachlor NO UG/KG NA NA 
507 B16 Lead 30 MG/KG NA NA 
507 B16 Manganese 220 MG/KG 0.1312 28.47 NA 
507 B16 Thallium NO MG/KG NA NA 
507 B16 Vanadium 5.3 MG/KG 0.0104 2.10 NA 
507 B16 alpha-BHC NO UG/KG NA NA 
507 B16 alpha-Chlordane 120 UG/KG 0.0040 0.60 0.095 0.10 
507 B16 beta-BHC NO UG/KG NA NA 
507 B16 detta-BHC 61 UGlKG NA 0.249 0.25 
507 B16 gamma-BHe 28 UG/KG 0.0015 0.31 0.083 0.08 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
5WMU 6, SWMU 7, and AOC 635 
NAVBASE. Char1eston, Zone G 
Charleston, South C!!m!!!"!a 

Site Location Parameter Concentration Units Hazard Index 'Ib HI Risk (E-06) % Risk 

507 B16 gamma-Chlordane 95 UG/KG 0.0031 0.63 0.075 0.08 

Total 0.4954 99.943 

507 B17 4,4'·000 NO UG/KG NA NA 

507 B17 4,4'·00E 16 UG/KG NA 0.012 0.04 

507 B17 4,4'·00T 10 UGlKG 0.0003 0.05 0.008 0.02 

507 B17 Antimony NO MG/KG NA NA 

507 B17 Aroclor 1254 NO UG/KG NA NA 

507 B17 Aroclor 1260 100 UGlKG NA 0.454 1.42 

507 B17 Arsenic 12 MG/KG 0,5485 81.67 31.344 98,15 

507 B17 Benzo(a)pyrene equiv, 7,163 UG/KG NA 0.119 0,37 

507 B17 Chromium 17 MG/KG 0.0466 6,94 NA 
507 B17 Heptachlor NO UG/KG NA NA 

507 B17 Lead 23 MGlKG NA NA 
SC7 817 ... _ .............. .., .. 85 MG/KG 0.0507 7.5-5 NA , ...... ,'::1 ...... -

507 B17 Thallium NO MG/KG NA NA 
507 B17 Vanadium 13 MG/KG 0,0255 3,79 NA 
507 B17 alpha·BHC NO UG/KG NA NA 
507 B17 alpha-Chlordane NO UG/KG NA NA 
507 B17 beta·BHC NO UGlKG NA NA 
507 B17 detta·BHC NO UGlKG NA NA 
507 B17 gamma-BHC NO UG/KG NA NA 
507 B17 gamma-Chlordane NO UGlKG NA NA 

Total 0,6716 31,936 

507 818 4,4'.000 240 UG/KG NA 0.131 0,74 
507 B18 4,4'·00E 120 UGlKG NA 0,093 0,53 
507 B18 4,4'·00T 79 UG/KG 0,0026 0,78 0,061 0,35 
507 B18 Antimony NO MG/KG NA NA 
507 B18 Aroclor 1254 NO UG/KG NA NA 
507 B18 Aroclor 1260 NO UGlKG NA NA 
507 B18 Arsenic 3.9 MG/KG 0,1783 53.32 10,187 57,79 
507 B18 Benzo(a)pyrene equiv. 429,27 UGlKG NA 7,109 40.33 
507 B18 Chromium 19 MG/KG 0,0521 15.59 NA 
507 B18 Heptachlor NO UG/KG NA NA 
507 B18 Lead 290 MG/KG NA NA 
507 B18 Manganese 140 MG/KG 0,0835 24,97 NA 
507 B18 Thallium NO MG/KG NA NA 
507 B18 Vanadium 8.3 MG/KG 0,0163 4,86 NA 
507 B18 alpha·BHC NO UG/KG NA NA 
507 B18 alpha-Chlordane 9,1 UG/KG 0.0003 0.09 0,007 0,04 
507 B18 beta·BHC NO UG/KG NA NA 
S07 618 delta-SHe 2.2 UG/KG NA ~~~ 0.05 V.VU;:::l 

507 B18 gamma-BHe NO UG/KG NA NA 
507 B18 gamma.Chlordane 40 UG/KG 0,0013 0,39 0,032 0,18 

Total 0.3343 17,628 

507 819 4,4'·000 198.5 UG/KG NA 0.108 0.12 
507 B19 4,4'·00E 625 UG/KG NA 0.482 0,53 
507 B19 4,4'·00T 233 UG/KG o.oon 0,98 0.180 0,20 
507 B19 Antimony NO MG/KG NA NA 
507 B19 Aroclor 1254 NO UG/KG NA NA 
507 B19 Aroclor 1280 910 UG/KG NA 4,129 4,53 
S07 819 A~ntc 14.25 ~,,1G/KG 0.5513 83.05 37.221 40.83 
507 B19 Benzo(a)pyrene equiv, 2956,25 UG/KG NA 48,956 53.71 
507 819 Chromium lB.3 MG/KG 0.0502 6.40 NA 
507 B19 Heptachlor NO UG/KG NA NA 
507 B19 Lead 107 MG/KG NA NA 
507 B19 Manganese 80,45 MG/KG 0,0480 6,12 NA 
507 B19 Thallium NO MG/KG NA NA 
507 B19 Vanadium 13.1 MG/KG 0.0257 3,27 NA 
507 B19 alpha-BHC NO UG/KG NA NA 
507 B19 alpha-Chlordane 13 UG/KG 0,0004 0.05 0.Q10 0.01 
507 B19 beta·BHC NO UG/KG NA NA 
507 B19 delta-SHC 11 UG/KG NA 0.045 0.05 
507 B19 gamma-SHe NO UG/KG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface SoU Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBA5E - Charleston, Zone G 
Charleston, So!..!!:h Carotin! 

507 B21 4,4'-000 
507 B21 4,4'-00E 
507 B21 4,4'-00T 
507 B21 Antimony 
507 B21 Aroclor 1254 
507 B21 Aroclor 1260 
507 B21 Arsenic 
507 B21 Benzo(a)pyrene equiv. 
507 B21 Chromium 
507 B21 Heptachlor 
507 B21 Lead 
S07 821 

.t _______ 
IVlall~al'_ 

507 B21 Thallium 
507 B21 Vanadium 
507 B21 alpha-BHC 
507 B21 alpha-Chlordane 
507 B21 beta-BHC 
507 B21 de~a-BHC 
507 B21 gamma-SHe 
507 B21 9!mma-Chlordane 

Total 

S07 B?? 4,4'-000 
507 B22 4,4'-00E 
507 B22 4,4'-00T 
507 B22 Antimony 
507 B22 Aroclor 1254-
507 B22 Aroclor 1260 
507 622 Arsenic 
507 622 Benzo(a)pyrene equiv. 
507 622 Chromium 
507 B22 Heptachlor 
507 B22 Lead 
507 622 Manganese 
507 622 Thallium 
507 622 Vanadium 
507 B22 alpha-BHC 
507 B22 alpha-Chlordane 
507 622 beta-BHe 
507 822 deita-SHC 
507 B22 gamma-SHe 
507 B22 gamma-Chlordane 

Total 

507 623 4,4'-000 
507 B23 4,4'-00E 
507 B23 4,4'-00T 
507 B23 Antimony 
507 B23 Aroclor 1254 
507 B23 Aroclor 1260 
507 B23 

A ___ '_ 
1"'\1_111 .... 

507 B23 Benzo(a)pyrene equiv. 
507 623 Chromium 
507 623 Heptachlor 
507 823 Lead 
507 623 Manganese 
507 823 Thallium 
507 823 Vanadium 
507 823 alpha-8HC 
507 823 alpha-Chlordane 
507 823 beta-8HC 
507 823 de~a-6HC 

507 823 gamma-SHe 

NO 
NO 
NO 
NO 
NO 

510000 
6.7 

1620 
17 

NO 
SO 

190 
NO 
22 

NO 
NO 
NO 
NO 
NO 
NO 

61 
130 
100 
NO 
NO 
NO 
17 

290.81 
23 

NO 
55 

190 
NO 
20 

NO 
NO 
NO 
ND 
NO 
NO 

n 
175 
260 
NO 
NO 

1565 
6.55 

1426.85 
15.9 
NO 

SO.5 
209.5 

NO 
13.05 

NO 
13 

NO 
NO 
11 

UGiKG NA NA 
UGiKG NA NA 
UG/KG NA NA 
MG/KG NA NA 
UG/KG NA NA 
UG/KG NA 2313.907 98.12 
MG/KG 0.3062 60.14 17.500 0.74 
UG/KG NA 26.828 1.14 
MG/KG 0.0466 9.16 NA 
UGiKG NA NA 
MG/KG NA NA 
MG/KG 0.1133 22.24 NA 
MG/KG NA NA 
MGiKG 0.0431 8.46 NA 
UG/KG NA NA 
UG/KG NA NA 
UG/KG NA NA 
UG/KG NA NA 
UGiKG NA NA 
UG/KG NA NA 

0.5092 2358.235 

UG/KG NA 0,033 am 
UG/KG NA 0.100 0.20 
UG/KG 0.0033 0.33 o.on 0.16 
MGiKG NA NA 
UG/KG NA NA 
UG/KG NA NA 
MG/KG o.mo 78.03 44.404 89.63 
UG/KG NA 4.816 9.74 
MG/KG 0.0631 6.33 NA 
UG/KG NA NA 
MG/KG NA NA 
MG/KG 0.1133 11.37 NA 
MG/KG NA NA 
MG/KG 0.0392 3.93 NA 
UG/KG NA NA 
UG/KG NA NA 
UG/KG NA NA 
UGiKG NA NA 
UG/KG NA NA 
UG/KG NA NA 

0.9959 49.431 

UG/KG NA 0.042 0.09 
UG/KG NA 0.135 0.28 
UG/KG 0.0086 1.70 0.201 0.42 
MG/KG NA NA 
UG/KG NA NA 
UG/KG NA 7.101 14.71 
MG/KG O.29'"'~ 59.51 i7.109 35.45 
UG/KG NA 23.629 48.96 
MG/KG 0.0436 B.67 NA 
UG/KG NA NA 
MG/KG NA NA 
MG/KG 0.1249 24.83 NA 
MG/KG NA NA 
MG/KG 0.0256 5.08 NA 
UG/KG NA NA 
UGiKG 0.0004 0.09 0.010 0.02 
UG/KG NA NA 
UG/KG NA NA 
UG/KG 0.0006 0.12 0.032 0.07 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBASE - Charleston, Zone G 
Cha.rI~ton, South Carolina 

Stte Location Parameter Concentration Units Hazard Index %HI Risk (E::Q§l % Risk 

507 B23 gamma-Chlordane NO UGIKG NA NA 

Total 0.5031 48.258 

507 B24 4,4'-000 100 UGIKG NA 0.054 0.z2 

507 B24 4,4'-00E 1800 UGIKG NA 1.388 5.73 

S07 B24 4,4'-00T 3400 UGIKG 0.1122 27.46 2.622 10.83 

S07 B24 Antimony NO MGlKG NA NA 

S07 B24 Aroclor 1254 NO UGIKG NA NA 

S07 B24 Aroclor 1260 NO UGIKG NA NA 

S07 624 Arsenic 3,9 MGlKG 0,1783 43.65 10.187 42.07 

S07 624 Benzo(a)pyrene equiv. 578.38 UGIKG NA 9.578 39.58 
S07 624 Chromium 17 MGIKG 0.0488 11.42 NA 

S07 B24 Heptachlor 9.8 UGlKG 0.0003 0.08 0.100 0.41 

S07 B24 Lead 42 MGIKG NA NA 

S07 B24 MannSln_ ... 57 MG/KG Q.Q399 9.78 NA "'-"l:I-"---

S07 B24 Thallium NO MGlKG NA NA 
S07 624 Vanadium 9.9 MGlKG 0.Q194 4.75 NA 

S07 624 alpha-BHC NO UGIKG NA NA 
S07 B24 alpha-Chlordane 94 UGIKG 0.0031 0.76 0.075 0.31 

S07 624 beta-BHC NO UGlKG NA NA 
S07 B24 delta-BHC NO UGlKG NA NA 
S07 B24 gamma-6HC NO UGIKG NA NA 

S07 624 gamma-Chlordane 260 UGIKG 0.0086 2.10 0.206 0.85 
Total 0.4084 24.211 

S07 B27 4,4'-000 82000 UGIKG NA 44.645 3.69 
S07 B27 4,4'-00E NO UGlKG NA NA 
S07 B27 4,4'-00T 100000 UGIKG 3.2966 39.20 77.130 6.37 
S07 627 Antimony NO MGIKG NA NA 
S07 B27 Aroclor 1254 NO UGIKG NA NA 
S07 B27 Aroclor 1260 NO UGIKG NA NA 
S07 B27 Arsenic 6.4 MGIKG 0.2925 3.48 16.717 1.38 
S07 B27 Benzo(a)pyrene equiv. 8309.6 UGlKG NA 137.610 11.37 
S07 B27 Chromium 16 MGIKG 0.0439 0.52 NA 
S07 B27 Heptachlor 1100 UGIKG 0.0363 0.43 11.229 0.93 
S07 B27 Lead 97 MGIKG NA NA 
S07 B27 Manganese 120 MGIKG 0.0715 0.85 NA 
S07 B27 Thallium NO MGIKG NA NA 
S07 627 Vanadium 7.5 MGIKG 0.0147 0.17 NA 
S07 B27 alpha-BHC 39000 UGIKG NA 557.379 46.06 
S07 627 alpha-Chlordane 7100 UGIKG 0.2342 2.78 5.837 0.47 
S07 B27 beta-BHC 3800 UGIKG NA 15.517 1.28 
507 627 .. _10_ DU .... 2aooo UG;KG NA 114.334 9.45 uO::lla-lJn ..... 

S07 B27 gamma-BHe 76000 UGIKG 4.1783 49.66 224.131 18.52 
S07 B27 gamma-Chlordane 7400 UGIKG 0.2441 2.90 5.876 0.49 

Total 8.4141 1210.205 

S07 628 4,4'-000 53.5 UGIKG NA 0.029 0.03 
S07 B28 4,4'-00E 130 UGIKG NA 0.100 0.10 
S07 B28 4,4'-00T 195 UGIKG 0.0064 0.81 0.150 0.16 
S07 628 Antimony NO MGIKG NA NA 
S07 B28 Aroclor 1254 NO UGIKG NA NA 
S07 B28 Aroclor 1260 200 UGIKG NA 0,907 0.94 
S07 928 Arsenic 4£:0 4£:0 MG/KG 0.6925 87.34 39.572 40.92 1 .... 1 ... 

S07 628 Benzo(a)pyrene equiv. 33n.4 UGIKG NA 55.931 57.84 
S07 B28 Chromium 17.9 MGIKG 0.0491 6.19 NA 
S07 B28 Heplachlor NO UGIKG NA NA 
S07 B28 Lead 557 MGIKG NA NA 
S07 B28 Manganese 39.05 MGIKG 0.0233 2.94 NA 
S07 B28 Thallium NO MGIKG NA NA 
S07 B28 Vanadium 10.85 MGIKG 0.0213 2.68 NA 
S07 B28 alpha-BHC NO UGIKG NA NA 
S07 B28 alpha-Chlordane 2.95 UGIKG 0.0001 0.Q1 0.002 
S07 B28 beta-BHC NO UGlKG NA NA 
S07 B28 defta-BHC NO UGIKG NA NA 
S07 B28 gamma-SHe NO UGIKG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBASE - Cha~eston, Zone G 
Charlesto!"!, South Carolina 

Stte Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

S07 B28 gamma-Chlordane 5.4 UGIKG 0.0002 0.02 0.004 

Total 0.7928 96.696 

S07 B29 4,4'-000 4000 UGIKG NA 2.178 5.52 

S07 829 4,4'-00E 830 UGIKG NA 0.640 1.62 

S07 829 4,4'-00T 2800 UGIKG 0.0924 13.53 2.160 5.48 

S07 B29 Antimony NO MGIKG NA NA 

S07 829 Aroclor 1254 NO UGlKG NA NA 

S07 829 Aroclor 1260 NO UGIKG NA NA 

507 B29 Arsenic 7.3 MG/KG 0.3337 48.88 19.068 48.35 

S07 B29 Benzo( a )pyrene equiv. 899.18 UGlKG NA 14.891 37.76 

S07 B29 Chromium 68 MGIKG 0.1ass 27.32 NA 

S07 B29 Heptachlor NO UGIKG NA NA 

S07 B29 Lead 380 MGIKG NA NA 

S07 B2S .. _----_ ... 43 ~,,1G!KG 0.0256 3.76 NA ''''CII'l:jIliIl • ..-

S07 B29 Thallium NO MGIKG NA NA 

S07 B29 Vanadium 14 MGIKG 0.0274 4.02 NA 

S07 B29 alpha-BHC NO UGIKG NA NA 

S07 B29 alpha-ChkJrdane 150 UGlKG 0.0049 0.72 0.119 0.30 

S07 B29 beta-BHC NO UGIKG NA NA 

S07 B29 delta-BHC NO UGIKG NA NA 
S07 B29 gamma-BHe 57 UGIKG 0.0031 0.46 0.168 0.43 
S07 B29 gamma-Chlordane 270 UGIKG 1.30 0.214 0.54 

Total 39.438 

507 B30 4,4'-000 NO UG/KG NA NA 
S07 B30 4,4'-00E NO UGIKG NA NA 
S07 B30 4,4'-00T 45 UG/KG 0.0015 2.63 0.035 0.01 
S07 B30 Antimony NO MGlKG NA NA 
S07 B30 AroctDr 1254 NO UGIKG NA NA 
S07 B30 Arocklr 1260 NO UGIKG NA NA 
S07 B30 Arsenic NO MGIKG NA NA 
S07 B30 Benzo(a)pyrene equiv. 14323 UGIKG NA 237.193 99.98 
S07 B30 Chromium 8 MGIKG 0.0219 38.86 NA 
S07 B30 Heptachlor NO UGIKG NA NA 
507 B30 Lead 32 MGIKG NA NA 
S07 B30 Manganese 18 MGIKG 0.0107 19.01 NA 
S07 B30 Thallium NO MGlKG NA NA 
S07 B30 Vanadium 11 MGIKG 0.0215 38.16 NA 
S07 B30 alpha-BHC NO UGIKG NA NA 
S07 B30 alpha-Chlordane NO UGIKG NA NA 
S07 B30 beta-BHC NO UGIKG NA NA 
507 830 dena-SHe ND UG/KG NA NA 
S07 B30 gamma-SHe NO UGIKG NA NA 
S07 B30 gamma-Chlordane 23 UGIKG 1.34 0.018 0.01 

Total 237.246 

S07 B31 4,4'-000 1100 UGIKG NA 0.599 5.80 
S07 B31 4,4'-00E 430 UGIKG NA 0.332 3.21 
S07 B31 4,4'-00T 1100 UGIKG 0.0363 20.17 0.848 8.22 
S07 B31 Antimony NO MGIKG NA NA 
S07 B31 Aroclor 1254 NO UGIKG NA NA 
S07 B31 Aroclor 1260 NO UGIKG NA NA 
S07 831 A~njc 1.4 ~,,1GfKG C.054C 35.57 3.557 35.43 
S07 B31 Benzo(a)pyrene equiv. 289.5 UGIKG NA 4.794 46.45 
S07 B31 Chromium 11 MGlKG 0.0302 16.77 NA 
S07 B31 Heptachlor NO UGIKG NA NA 
S07 B31 Lead 9.6 MGIKG NA NA 
S07 B31 Manganese 24 MGIKG 0.0143 7.95 NA 
S07 B31 Thallium NO MGIKG NA NA 
S07 B31 Vanadium 16 MGIKG 0.0313 17.42 NA 
S07 B31 alpha-8HC NO UG/KG NA NA 
507 B31 alpha-Chlordane 38 UG/KG 0.0013 0.70 0.030 0.29 
S07 B31 beta-BHC NO UG/KG NA NA 
S07 B31 delta-BHC NO UGIKG NA NA 
S07 B31 gamma-BHe NO UGIKG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBASE - Cha~eston, Zone G 
Charleston, So!..rth Caro!i!'!! 

Site Location Parameter Concentration Units Hazard Index %HI Risk {E-06l % Risk 

507 B31 gamma-Chlordane 78 UG/KG 0.0026 1.43 0.062 0.60 

Total 0.1799 10.322 

507 832 4,4'-000 NO UG/KG NA NA 

507 B32 4,4'-00E 6.8 UG/KG NA 0.006 20.73 

507 832 4,4'-00T 26 UG/KG 0.0009 1.16 0.020 79.27 

507 832 Antimony NO MGlKG NA NA 
507 832 Aroclor 1254 NO UG/KG NA NA 
507 832 Aroclar 1260 NO UG/KG NA NA 
507 832 Arsenic NO MGlKG NA NA 
507 832 Benzo(a)pyrene equiv. NO UG/KG NA NA 

507 832 Chromium 10 MG/KG 0.0274 37.22 NA 
507 832 Heptachlor NO UGlKG NA NA 
507 832 Lead 2.2 MGlKG NA NA 
S07 832 l ............. _ .. 17 MGlKG 0.0101 13.75 NA ' ..... ,.~ ... , ... -
507 832 Thallium NO MGlKG NA NA 
507 832 Vanadium 18 MGlKG 0.0353 47.86 NA 
507 832 alpha-8HC NO UG/KG NA NA 
507 B32 alpha-Chlordane NO UG/KG NA NA 
507 832 beta-8HC NO UG/KG NA NA 
507 832 de~a-8HC NO UG/KG NA NA 
507 832 gamma-BHe NO UG/KG NA NA 
507 B32 gamma-Chlordane NO UG/KG NA NA 

Total 0.0737 0.025 

S07 833 4,4'-000 NO UG/KG NA NA 
507 833 4,4'-00E NO UG/KG NA NA 
507 833 4,4'-00T 4.7 UG/KG 0.0002 0.20 0.004 100.00 
507 833 Antimony NO MG/KG NA NA 
507 833 Aroclor 1254 NO UG/KG NA NA 
507 833 Aroclar 1260 NO UGlKG NA NA 
507 833 Arsenic NO MG/KG NA NA 
507 833 Benzo(a)pyrene equiv. NO UGlKG NA NA 
507 833 Chromium 10 MG/KG 0.0274 34.52 NA 
507 833 Heptachlor NO UG/KG NA NA 
507 833 Lead 2 MG/KG NA NA 
507 833 Manganese 18 MG/KG 0.0107 13.51 NA 
507 833 Thallium NO MG/KG NA NA 
507 833 Vanadium 21 MG/KG 0.0411 51.76 NA 
507 833 alpha-8He NO UG/KG NA NA 
507 833 alpha-Chlordane NO UG/KG NA NA 
507 B33 beta-BHe NO UG/KG NA NA 
S07 833 delta-SHe ND UGiKG NA NA 
507 833 gamma-SHe NO UG/KG NA NA 
507 833 gamma-Chlordane NO UG/KG NA NA 

Total 0.0794 0.004 

507 834 4,4'-000 180 UG/KG NA 0.098 0.30 
507 834 4,4'-00E 28.5 UG/KG NA 0.022 0.07 
507 834 4,4'-00T 97 UG/KG 0.0032 0.54 0.075 0.23 
507 834 Antimony NO MG/KG NA NA 
507 B34 Aroclor 1254 NO UG/KG NA NA 
507 834 Aroclor 1260 120 UG/KG NA 0.544 1.68 
on, 00, Ai5Siiic 9.5 MG/KG 0.4342 72.80 24.8i4 76.64 w, U~ 

507 B34 Benzo(a)pyrene equiv. 410.575 UG/KG NA 6.799 21.00 
507 834 Chromium 14.25 MG/KG 0.0391 6.55 NA 
507 834 Heptachlor NO UG/KG NA NA 
507 834 Lead 39.75 MG/KG NA NA 
507 834 Manganese 158.5 MG/KG 0.0945 15.84 NA 
507 B34 Thallium NO MG/KG NA NA 
507 834 Vanadium 12.7 MG/KG 0.0249 4.17 NA 
507 834 alpha-8He NO UG/KG NA NA 
507 834 alpha-Chlordane 6.4 UG/KG 0.0002 0.04 0.006 0.02 
507 834 beta-8He NO UG/KG NA NA 
507 834 delta-BHe 2.5 UG/KG NA 0.Q10 0.Q3 
507 834 gamma-BHC NO UG/KG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAV8ASE - Charleston, Zone G 
,...I.. ...... _t ..... Q:""."h r,......Ji ..... .... ,''''', ........ ,., ......... , ............. -

SRe location Parameter Concentration Units Hazard Index %HI Risk (E-06l % Risk 

507 834 gamma-Chlordane 10.3 UG/KG 0.0003 0.06 0.008 0.03 

Total 0.5964 32.376 

507 835 4,4'-000 NO UG/KG NA NA 

507 835 4,4'-00E NO UG/KG NA NA 

507 835 4,4'-00T NO UGlKG NA NA 

507 835 Antimony NO MGlKG NA NA 

507 835 Aroclor 1254 NO UGlKG NA NA 
507 835 Aroclor 1260 NO UGlKG NA NA 

507 835 Arsenic 24 MG/KG 1.0970 65.76 62.666 95.00 

507 835 8enzo(a)pyrene equiv. 199.13 UG/KG NA 3.298 5.00 

507 835 Chromium 35 MG/KG 0.0960 5.75 NA 

507 835 Heptachlor NO UG/KG NA NA 
507 835 Lead 50 MGlKG NA NA 
507 835 Miinganese 5....R() MG/KG 0.3458 20.73 NA 
507 835 Thallium NO MGlKG NA NA 
507 835 Vanadium 66 MG/KG 0.1293 7.75 NA 
507 835 alpha-8HC NO UG/KG NA NA 
507 835 alpha-Chlordane NO UG/KG NA NA 
507 835 beta-8HC NO UG/KG NA NA 
507 835 della-8HC NO UG/KG NA NA 
507 835 gamma-BHe NO UG/KG NA NA 
507 835 gamma-Chlordane NO UG/KG NA NA 

Total 1.6661 65.986 

507 836 4,4'-00D 8.8 UG/KG NA 0.005 0.04 
507 836 4,4'-00E 54 UG/KG NA 0.042 0.38 
507 836 4,4'-00T 16 UG/KG 0.0005 0.24 0.012 0.11 
507 836 Antimony NO MG/KG NA NA 
507 836 Aroolor 1254 NO UG/KG NA NA 
507 836 Aroclor 1260 110 UG/KG NA 0.499 4.60 
507 836 Arsenic 2.1 MG/KG 0.0960 43.76 5.485 50.59 
507 836 Benzo(a)pyrene equiv. 288.88 UG/KG NA 4.784 44.12 
507 836 Chromium 24 MGlKG 0.0658 30.01 NA 
507 836 Heptachlor NO UG/KG NA NA 
507 836 Lead 42 MG/KG NA NA 
507 836 Manganese 65 MG/KG 0.0388 17.67 NA 
507 836 Thallium NO MG/KG NA NA 
507 836 Vanadium 9 MG/KG 0.0176 8.04 NA 
507 836 alpha-8HC NO UG/KG NA NA 
507 836 alpha-Chlordane 19 UG/KG 0.0006 0.29 0.015 0.14 
507 836 beta-8HC NO UG/KG NA NA 
807 836 dena-SHC ND UGiKG NA NA 
507 836 gamma-8HC NO UG/KG NA NA 
507 836 gamma-Chlordane NO UG/KG NA NA 

Total 0.2193 10.842 

507 837 4,4'-000 120 UG/KG NA 0.065 0.06 
507 837 4,4'-00E 19 UG/KG NA 0.015 0.01 
507 837 4,4'-00T 22 UG/KG 0.0007 0.17 0.017 0.01 
507 837 Antimony NO MG/KG NA NA 
507 837 Aroolor 1254 NO UG/KG NA NA 
507 837 Aroolor 1260 110 UG/KG NA 0.499 0.43 
507 837 Arsenic 0.0 MG/KG 0.2651 61.99 15.150 12.96 
507 B37 8enzo(a)pyrene equiv. 6098.2 UG/KG NA 100.988 88.51 
507 837 Chromium 12 MG/KG 0.0329 7.69 NA 
507 837 Heptachlor NO UG/KG NA NA 
507 837 Lead 25 MG/KG NA NA 
507 837 Manganese 150 MG/KG 0.0894 20.91 NA 
507 837 Thallium NO MG/KG NA NA 
507 837 Vanadium 20 MG/KG 0.0392 9.16 NA 
507 837 alpha-8HC NO UG/KG NA NA 
507 837 alpha-Chlordane 5.1 UG/KG 0.0002 0.04 0.004 
507 837 beta-8HC NO UG/KG NA NA 
507 837 de~a-8HC NO UG/KG NA NA 
507 837 gamma-SHe NO UG/KG NA NA 



Table 10.12.32 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 6, SWMU 7, and AOe 635 
NAVBASE - eha~es1on, Zone G 
Cr.aMestcn, South Cam!!na 

Site Location Parameter 
507 837 gamma-Chlordane 

Concentration Units 
5.2 UG/KG 

Total 

Hazard Index %HI Risk (E-ll6) % Risk 
0.0002 0.004 
0.42n 116.742 



Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site Spectfic Evalut1tio!".s 
Revision: 0 

Hazard index estimates exceeded unity at six surface soil sample locations (006SB004, S06B05, 

S07BlO, S07B 13 , S07B27, and S07B35). Contributors to hazard index projections include 2 

Aroclor-1254, arsenic, gamma-BHC, gamma-chlordane, and 4,4'-DDT. Hazard index estimates 3 

range from 0.06 (S07B30) to 22 (S06B05) with a mean hazard index of 1. 4 

Soil - Site Worker Scenario 5 

Aroclor-1260, arsenic, BEQs, dioxin, and 4,4'-DDT were identified as industrial soil pathway 6 

COCs for AOC 637. Figure 10.12-36 illustrates point risk for combined SWMU 6 surface soil 7 

pathways under an industrial scenario. Table 10.12.33 summarizes the risk and hazard 8 

contribution of each COPC at each sample location. 9 

With a few exceptions, arsenic and BEQs are the primary contributors to risk estimates above 10 

1 E-06 at each surface soil sample location. Dioxin was the primary contributor to risk estimates 11 

associated with surface soil location 006SBOO2. Aroclor-1254 was the primary contributor to risk 12 

estimates associated with surface soil location S06B05. Aroclor-1260 was the primary contributor 13 

to risk estimates associated with surface soil locations 006SBOOI and S07B21, and a secondary 14 

contributor to risk estimates associated with surface soil locations 006SB002, S06B06, S07B08, 15 

S07B 11, S07B 16, and S07B23. Contributors to risk estimates associated with surface soil location 16 

S07B27 include 4,4'-DDD, 4,4'-DDT, arsenic, BEQs, alpha-EHe, beta-BHe, delta~BHC, and 17 

gamma-BHC. Industrial risk estimates ranged from lE-09 (S07B33) to 5E-04 (S07SB21) with a 18 

mean risk of 2E-05. Hazard index estimates exceeded unity at only one surface soil location 19 

(S06SB05) primarily associated with the concentration of Aroclor-1254. 20 

Groundwater - Residential Scenario 21 

Residential groundwater pathway COCs identified for combined SWMU 6 include arsenic, 22 

barium, benzene, and pentachlorophenol. Figures 10.12-37 and 10.12-38 illustrate point risk and 23 

hazard estimates for combined SWMU 6 groundwater pathways under a residential scenario. 24 

10.12.221 



:> 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBA5E - Char1eslon, Zone G 
r"h .. ..I_t" ... <:: .... 0+ .. ,.. .. r .. li ... "" ... , ... , ........... ,', ............ "" ........... 

Site Location Parameter Concentration Units Hazard Index %HI Risk !r:-ll61 % Risk 

006 5BOOI Aroclor-1260 8600 UG/KG NA 7.9335 45.62 
006 5BOOI Arsenic (As) 9.5 MGlKG 0.0218 100.00 3.5103 20.18 
006 5BOOI B{a}P EguN. 1766.3 UG/KG NA 5.9474 34.20 

Total 0.0218 17.3912 

006 5B002 Aroclor-1260 5600 UG/KG NA 5.1660 5.58 
006 5B002 Arsenic (As) 11.65 MG/KG 0.0268 100.00 4.3048 4.65 
006 5B002 B(a)P Equiv. 3690 UG/KG NA 12.4247 13.43 
006 5B002 Dioxin Eguiv. 1020.925 NG/KG NA 70.6356 76.34 

Tolal 0.0268 92.531 I 

006 5B003 Aroclor-1260 240 UGlKG NA 0.2214 7.72 
006 5B003 Arsenic (As) 4.1 MG/KG 0.0094 100.00 1.5150 52.84 
006 8B003 SCaW Eguiv. .,.,c: ell: UG/KG NA 1.1309 39.044 .......... uw 

Total 0.0094 2.8672 

006 5BOO4 Aroclor-1260 NO UGlKG NA NA 
006 5BOO4 Arsenic (As) 17.3 MGlKG 0.0398 100.00 6.3925 86.94 
006 5BOO4 B{alP Eguiv. 265.25 UG/KG NA 0.9605 13.06 

Total 0.0398 7.3529 

007 5BOOI Aroclor-1260 NO UGlKG NA NA 
007 58001 Arsenic (As) 5.25 MG/KG 0.0121 100.00 1.9399 40.42 
007 58001 8(a)P Equiv. 846.3 UG/KG NA 2.8496 59.38 
007 88001 Dioxi!"! Fnuiv 7 ... 0.138 NG/KG NA O(J()Q5 0.20 

Total 0.0121 4.7991 

635 58001 Aroclor -1260 NO UG/KG NA NA 
635 5BOOI Arsenic (As) 14.7 MGlKG 0.0338 100.00 5.4318 100.00 
635 58001 8{alP Eguiv. NO UG/KG NA NA 

Total 0.0338 5.4318 

506 BOI 4,4'-000 NO UG/KG NA NA 
506 801 4,4'-00E NO UG/KG NA NA 
506 BOI 4,4'-00T NO UG/KG NA NA 
506 801 Aroclor 1254 NO UG/KG NA NA 
506 801 Aroclor 1260 NO UG/KG NA NA 
506 801 Arsenic 9.3 MG/KG 0.0214 100.00 3.436 59.60 
506 801 Benzo(a)pyrene equiv. 691.93 UG/KG NA 2.330 40.40 
506 801 alpha-BHe NO UG/KG NA NA 
506 801 beta-8HC NO UG/KG NA NA 
S06 601 delta-SHe ND UG/KG NA NA 
506 BOI gamma-BHe NO UG/KG NA NA 

Total 0.0214 5.766 

506 802 4,4'-000 110 UG/KG NA 0.012 0.15 
506 802 4,4'-00E 42 UG/KG NA 0.007 0.08 
506 B02 4,4'-00T 72 UG/KG 0.0002 1.56 0.011 0.14 
508 802 Aroclor 1254 NO UGlKG NA NA 
506 B02 Aroclor 1260 NO UGlKG NA NA 
506 B02 Arsenic 5.1 MG/KG 0.0117 96.44 1.884 23.56 
506 802 Benzo(a)pyrene equiv. 1807.3 UG/KG NA 6.065 76.07 
.~ DM _1_"-_ ~LJ'" ND UG/KG NA NA ~~ DV< a.I-"'a-pn ..... 

506 802 beta-8He NO UG/KG NA NA 
506 802 delta-BHe NO UG/KG NA NA 
506 802 gamma-SHe NO UG/KG NA NA 

Total 0.0119 8.000 

506 803 4,4'-000 13 UG/KG NA 0.001 0.04 
506 B03 4,4'-00E 53 UG/KG NA 0.008 0.24 
506 B03 4,4'-00T I I UGlKG 0.00003 0.15 0.002 0.05 
506 B03 Aroclor 1254 NO UG/KG NA NA 
508 803 Aroc lor 1260 NO UG/KG NA NA 
506 803 Arsenic 8 MG/KG 0.0164 99.85 2.956 85.47 
506 803 8enzo(a)pyrene equiv. 145.81 UG/KG NA 0.491 14.20 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBASE - Cha~eston, Zone G 
Chariesto!'!, South Carolina 

Site Location Parameter Concentration Units Hazard Index '!bHI Risk {E-06) '!bRisk 

506 B03 alpha-BHC NO UGlKG NA NA 

506 B03 beta-BHC NO UGlKG NA NA 

506 B03 detta-BHC NO UGlKG NA NA 

506 B03 gamma-SHe NO UGlKG NA NA 
Total 0.0184 3.458 

506 B04 4,4'-000 27 UG/KG NA 0.003 0.06 

506 B04 4,<f-00E 99 UG/KG NA 0.016 0.34 
506 B04 4,4'-00T 200 UG/KG 0.0005 2.67 0.031 0.68 

506 B04 Aroclor 1254 NO UG/KG NA NA 

506 B04 Aroclor 1260 NO UG/KG NA NA 
506 B04 Arsenic B.2 MGlKG 0.0189 97.33 3.030 65.72 

506 B04 Benzo(a)pyrene equiv. 464.55 UG/KG NA 1.531 33.20 
506 B04 alpha-BHC NO UGlKG NA NA 
50s 804 beta-SHe ND UG/KG NA NA 
506 B04 detta-BHC NO UGlKG NA NA 
506 B04 gamma-SHe NO UGlKG NA NA 

Tolal 0.0194 4.610 

506 B06 4,4'-000 590 UG/KG NA 0.065 0.25 
S06 B06 4,4'-00E 1000 UG/KG NA 0.157 0.60 
S06 B06 4,4'-00T 4200 UG/KG 0.0108 0.64 0.659 2.50 
506 B06 Aroclor 1254 26000 UG/KG 1.6790 99.03 23.985 91.04 
506 B06 Aroclor 1260 NO UGlKG NA NA 
506 B06 Arsenic 2.4 MGlKG 0.0065 0.33 0.687 3.37 
S06 B06 Benzo(a)pyrene equiv. 175.72 UG/KG NA 0.592 2.25 
506 B06 alpha-BHC NO UG/KG NA NA 
506 B06 beta-BHC NO UG/KG NA NA 
506 B06 detta-BHC NO UG/KG NA NA 
506 B06 gamma-SHe NO UG/KG NA NA 

Total 1.6954 26.344 

506 BOO 4,4'-000 140 UG/KG NA 0.015 0.41 
506 BOO 4,4'-00E 170 UG/KG NA 0.027 0.71 
S06 B06 4,4'-00T 600 UG/KG 0.0015 26.19 0.094 2.49 
S06 BOO Aroclar 1254 NO UG/KG NA NA 
506 BOO Aroclor 1260 2400 UG/KG NA 2.214 58.62 
506 B06 Arsenic 1.9 MG/KG 0.0044 73.81 0.702 18.59 
S06 BOO Benzo(a)pyrene equiv. 215.19 UG/KG NA 0.725 19.1S 
S06 BOO alpha-BHC NO UG/KG NA NA 
S06 BOO beta-BHC NO UG/KG NA NA 
S06 BOO detta-BHC NO UG/KG NA NA 
.~ D~ 

_____ DUr- .on I.'-'/Vr"' ... NA ~~ U~ l:ta"IIIIC"-I.J"V "u v"."''' ..... "n 
Total 0.0069 3.777 

506 B07 4,4'-000 420 UG/KG NA 0.046 1.34 
506 B07 4,4'-00E 430 UG/KG NA 0.067 1.94 
506 B07 4,4'-00T 2000 UG/KG 0.0062 30.60 0.314 9.04 
506 B07 Aroclor 1254 NO UG/KG NA NA 
506 B07 Aroclor 1260 NO UG/KG NA NA 
506 B07 Arsenic 5 MG/KG 0.0115 68.53 1.848 53.26 
506 B07 Benzo(a)pyrene equiv. 350.16 UG/KG NA 1.179 33.98 
506 B07 alpha-BHC NO UG/KG NA NA 
506 807 beta-SHe ND UG/KG NA NA 
506 B07 detta-BHC NO UG/KG NA NA 
506 B07 gamma-SHe 26 UG/KG 0.0001 0.67 0.016 0.4'5 

Total 0.0168 3.470 

506 B14 4,4'-000 NO UG/KG NA NA 
506 B14 4,4'-00E NO UG/KG NA NA 
506 B14 4,4'-00T NO UG/KG NA NA 
506 B14 Aroclor 1254 NO UG/KG NA NA 
506 B14 Aroclor 1260 NO UG/KG NA NA 
506 B14 Arsenic 3.7 MG/KG 0.0085 100.00 1.367 62.06 
506 B14 8enzo{a)pyrene equiv. 248.27 UG/KG NA 0.836 37.94 
506 B14 alpha-BHC NO UG/KG NA NA 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
SWMU 6, 5WMU 7, and AOC 63S 
NAVBA5E - Charleston, Zone G 
Charleston, Sc!.-t!:h Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk {E.{)6l % Risk 

506 B14 beta-BHC NO UGlKG NA NA 

506 B14 de~a-BHC NO UGlKG NA NA 

506 B14 gamma-SHe NO UGlKG NA NA 
Total 0.0085 2.203 

506 B15 4,4'-000 NO UGlKG NA NA 

506 B15 4,4'-00E NO UGlKG NA NA 

506 B15 4,4'-00T NO UG/KG NA NA 

506 B15 Aroclor 1254 NO UG/KG NA NA 

506 B15 Aroclor 1 Z60 970 UGIKG NA 0.895 9.97 

506 B15 Arsenic 4.8 MGIKG 0.0110 100.00 1.774 19.76 

506 B15 Benzo(a)pyrene equiv. 1873.6 UGIKG NA 6.309 70.27 

506 B15 alpha-BHC NO UGIKG NA NA 

506 B15 beta-BHC NO UGIKG NA NA 

S06 0'" deitz-SHe ND UG/KG NA NA 0" 
506 B15 gamma-SHe NO UGIKG NA NA 

Total 0.0110 8.977 

506 B20 4,4'-000 8.2 UGIKG NA 0.001 0.03 

506 B20 4,4'-00E 9.9 UGlKG NA 0.002 0.05 
506 B20 4,4'-00T NO UGlKG NA NA 
506 B20 Aroclor 1254 NO UGlKG NA NA 
506 B20 Aroclor 1 Z60 420 UGlKG NA 0.387 13.36 
506 B20 Arsenic 3.7 MGIKG 0.0085 100.00 1.367 47.13 
506 B20 8enzo(a)pyrene equiv. 339.67 UGlKG NA 1.144 39.43 
506 820 alpha-SHe NO UG/KG NA NA 
506 B20 beta-BHC NO UGIKG NA NA 
506 B20 de~-BHC NO UGlKG NA NA 
506 B20 gamma-SHe NO UGIKG NA NA 

Total 0.0085 2.901 

506 BZ5 4,4'-000 13.5 UGIKG NA 0.001 0.08 
506 BZ5 4,4'-00E 49.5 UG/KG NA 0.008 0.40 
506 BZ5 4,4'-00T 36 UGlKG 0.0001 0.89 0.006 0.29 
506 BZ5 Aroclor 1254 NO UGIKG NA NA 
506 BZ5 Aroclor 1260 NO UGIKG NA NA 
506 BZ5 Arsenic 4.5 MGIKG 0.0103 98.92 1.663 85.48 
506 BZ5 Benzo(a)pyrene equiv. 78.05 UGIKG NA 0.263 13.51 
506 BZ5 alpha-BHC NO UGIKG NA NA 
506 B25 beta-BHC NO UGIKG NA NA 
506 B25 de~-BHC 2.4 UGIKG NA 0.002 0.10 
506 B25 gamma-SHe 4.6 UG/KG 0.0000 0.19 0.003 0.14 

Total O.uiOS i.945 

506 B26 4,4'-000 NO UG/KG NA NA 
506 B26 4,4'-00E NO UG/KG NA NA 
506 B26 4,4'-00T NO UG/KG NA NA 
506 B26 Aroclor 1254 NO UG/KG NA NA 
506 B26 Aroclor 1260 NO UG/KG NA NA 
506 B26 Arsenic 1.6 MGIKG 0.0037 100.00 0.591 100.00 
506 B26 Benzo(a)pyrene equiv. NO UGIKG NA NA 
506 B26 alpha-BHC NO UGIKG NA NA 
506 B26 beta-BHC NO UGIKG NA NA 
506 826 delta-SHe ND UG/KG NA NA 
506 B26 gamma-SHe NO UGIKG NA NA 

Total 0.0037 0.591 

507 B03 4,4'-000 5.3 UGIKG NA 0.001 0.04 
507 B03 4,4'-00E 28.5 UGIKG NA 0.004 0.33 
507 B03 4,4'-00T 18.5 UGIKG 0.00005 0.84 0.003 0.21 
507 B03 Aroclor 1254 NO UGIKG NA NA 
507 B03 Aroclor 1260 410 UGIKG NA 0.249 18.23 
507 B03 Arsenic 2.45 MGIKG 0.0056 99.16 0.905 66.24 
507 B03 Benzo(a)pyrene equiv. 60.67Z5 UGlKG NA 0.204 14.95 
507 B03 alpha-BHC NO UG/KG NA NA 
507 B03 beta-BHC NO UG/KG NA NA 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
5WMU 6, 5WMU 7, and AOe 635 
NAVBA5E - eha~eston, Zone G 
,.. ... "'*"............ ~ft ..... ,. ...... Ii ..... 
~II .. ' ... "" .... " • .......................... 

5ne Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

507 B03 delta-BHC NO UG/KG NA NA 

507 B03 gamma-SHe NO UG/KG NA NA 
Total 0.0057 1.367 

507 B04 4,4'-000 180 UG/KG NA 0.020 0.45 

507 B04 4,4'-00E 430 UG/KG NA 0.067 1.52 

507 B04 4,4'-00T 180 UG/KG 0.0004 1.84 0.025 0.56 

507 B04 Aroclor 1254 NO UG/KG NA NA 

507 B04 Aroclor 1260 NO UG/KG NA NA 

507 B04 Arsenic 9.6 MG/KG 0.0221 98.16 3.547 79.86 

507 B04 Benzo(a)pyrene equiv. 232.25 UG/KG NA 0.782 17.61 

507 B04 alpha-BHC NO UG/KG NA NA 
507 B04 beta-BHC NO UG/KG NA NA 

507 B04 detta-BHC NO UG/KG NA NA 
S07 804 

_____ DU,... un II,../V,", u. NA I::larlIII ICi-lOIn .... 'w v .... ,"' ..... "n 
Total 0.0Z25 4.442 

507 BOS 4,4'-000 4.2 UGlKG NA 0.0005 0.03 
507 BOS 4,4'-00E 210 UGlKG NA 0.033 2.13 
507 BOS 4,4'-00T 110 UGlKG 0.0003 4.38 0.017 1.12 
507 BOS Aroclar 1254 NO UGlKG NA NA 
507 BOS Aroclar 1260 330 UG/KG NA 0.304 19.71 
507 BOS Arsenic 2.7 MG/KG 0.0062 95.62 0,998 64.58 
507 BOS Benzo(a)pyrene equiv. 57.086 UGlKG NA 0.192 12.44 
507 BOS alpha-BHC NO UG/KG NA NA 
507 805 beta-SHe ND UG/KG NA NA 
507 BOS delta-BHC NO UG/KG NA NA 
507 BOS gamma-SHe NO UG/KG NA NA 

Total 0.0065 1.545 

507 BOO 4,4'-000 NO UG/KG NA NA 
507 BOO 4,4'-00E 240 UG/KG NA 0.038 0.39 
507 BOO 4,4'-00T 120 UG/KG 0.0003 1.21 0.019 0.20 
507 BOO Aroclar 1254 NO UG/KG NA NA 
507 BOO Aroclar 1260 550 UG/KG NA 0.507 5.30 
507 BOO Arsenic 11 MG/KG 0.0253 98.79 4.065 42.46 
507 BOO Benzo(a)pyrene equiv. 1467.2 UG/KG NA 4.940 51.61 
507 BOO alpha-BHC NO UG/KG NA NA 
507 BOO beta-BHC NO UG/KG NA NA 
507 BOO detta-BHC 3.8 UG/KG NA 0.003 0.03 
507 BOO gamma-BHe NO UG/KG NA NA 

Total 0.0256 9.572 

507 B07 4,4'-000 120 UG/KG NA 0.013 0.18 
507 B07 4,4'-00E 340 UG/KG NA 0.053 0.72 
507 807 4,4'-00T 65 UG/KG 0.0002 0.45 0.010 0.14 
507 807 Aroclor 1254 NO UG/KG NA NA 
507 807 Aroclar 1260 780 UG/KG NA 0.720 9.65 
507 807 Arsenic 16 MG/KG 0.0388 99.55 5.912 79.32 
507 807 Benzo(a)pyrene eqUfv. 221.18 UG/KG NA 0.745 9.99 
507 B07 alpha-8HC NO UG/KG NA NA 
507 B07 beta-8HC NO UG/KG NA NA 
507 807 detta-BHC NO UG/KG NA NA 
on' B07 gamma-SHe ND UGiKG NA riA ~v, 

Total 0.0370 7.453 

507 808 4,4'-000 110 UG/KG NA 0.012 0.19 
507 808 4,4'-00E 530 UG/KG NA 0.083 1.31 
507 808 4,4'-00T 4BO UG/KG 0.0012 6.79 0.075 1.18 
507 808 Aroclar 1254 NO UG/KG NA NA 
507 808 Aroclar 1260 1400 UG/KG NA 1.292 20.32 
507 808 Arsenic 7.4 MGlKG 0.0170 93.21 2.734 43.02 
507 808 Benzo{a)pyrene equiv. 641.41 UG/KG NA 2.160 33.98 
507 808 alpha-8HC NO UG/KG NA NA 
507 808 bela-BHC NO UG/KG NA NA 
507 808 detta-BHC NO UG/KG NA NA 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBA5E - ChaMeston, Zone G 
ChanestQn, South Carolina 

SHe location Parameter Concentration Uni1s Hazard Index '!bHI Risk !E-06l '!bRisk 

507 BDB gamma-BHC NO UG/KG NA NA 

Total 0.0163 6.356 

507 B09 4,4'-000 NO UGlKG NA NA 

507 B09 4,4'-00E NO UG/KG NA NA 

507 B09 4,4'-00T NO UG/KG NA NA 

507 B09 Aroclor 1254 NO UG/KG NA NA 

507 B09 Aroclor 1260 270 UG/KG NA 0.249 10.57 

507 B09 Arsenic 2.3 MG/KG 0.0053 100.00 0.850 36.07 

507 B09 Benzo(a)pyrene equiv. 373.34 UG/KG NA 1,257 53.36 

507 B09 alpha-BHC NO UG/KG NA NA 

507 B09 beta-BHC NO UGlKG NA NA 

507 B09 dena-BHC NO UGlKG NA NA 

507 B09 gamma-SHe NO UG/KG NA NA 
Total C.COC~ 2.355 

507 BID 4,4'-000 NO UG/KG NA NA 
507 BID 4,4'-00E 71 UGlKG NA 0.011 0.07 
507 BID 4,4'-00T 24 UGlKG 0.0001 0.07 0.004 0.02 
507 BID Aroclor 1254 NO UGlKG NA NA 
507 BID Aroclor 1260 Z90 UGlKG NA 0.268 1.75 
507 BID Arsenic 36 MG/KG 0.DB74 99.93 14.041 91.95 
507 BID Benzo(a)pyrene equiv. 281.35 UG/KG NA 0.947 6.20 
507 810 alpha-8HC NO UG/KG NA NA 
507 BID beta-BHC NO UG/KG NA NA 
507 BID dena-BHC NO UG/KG NA NA 
507 810 gamma-8HC NO UG/KG NA NA 

Total 0.DB74 15.271 

507 Bll 4,4'-000 30 UG/KG NA 0.003 0.09 
507 811 4,4'-00E NO UG/KG NA NA 
507 811 4,4'-00T 90 UG/KG 0.0002 2.11 0.014 0.37 
507 Bll Aroclor 1254 NO UG/KG NA NA 
507 Bll Aroclor 1260 1500 UGlKG NA 1.384 36.27 
507 Bll Arsenic 4.7 MG/KG 0.01 DB 97.89 1.737 45.53 
507 Bll Benzo(a)pyrene equiv. 201.03 UG/KG NA 0.677 17.74 
507 Bll alpha-BHC NO UG/KG NA NA 
507 Bll beta-8He NO UG/KG NA NA 
507 Bll dena-BHC NO UG/KG NA NA 
507 Bll gamma-SHe NO UG/KG NA NA 

Total 0.0110 3.815 

507 812 4,4'-DDD ND UGiKG NA NA 
507 B12 4,4'-00E 6.3 UG/KG NA 0.001 0.04 
507 B12 4,4'-00T 7.B UG/KG 0.00002 0.14 0.001 0.04 
507 B12 Aroclor 1254 NO UG/KG NA NA 
507 B12 Aroclor 1260 130 UG/KG NA 0.120 4.41 
507 812 Arsenic 6.3 MG/KG 0.0145 99.86 2.328 85.59 
507 B12 Benzo(a)pyrene equiv. BO.09 UG/KG NA 0.270 9.92 
507 B12 alpha-BHC NO UG/KG NA NA 
507 B12 beta-BHC NO UG/KG NA NA 
507 B12 dena-BHC NO UG/KG NA NA 
507 B12 gamma-SHe NO UG/KG NA NA 

Tctal 0.0145 2.720 

507 B13 4,4'-000 78 UG/KG NA 0.009 O.DB 
507 B13 4,4'-00E 570 UG/KG NA 0.089 0.B7 
507 B13 4,4'-00T 460 UG/KG 0.0012 2.11 0.072 0.70 
507 B13 Aroclor 1254 NO UG/KG NA NA 
507 B13 Aroclor 1260 NO UG/KG NA NA 
507 813 Arsenic 24 MG/KG 0.0552 97.89 8.868 86.18 
507 813 Benzo(a)pyrene equiv. 371.96 UG/KG NA 1.252 12.17 
507 813 alpha-BHC NO UG/KG NA NA 
507 813 beta-BHC NO UG/KG NA NA 
507 813 dena-BHC NO UG/KG NA NA 
507 813 gamma-SHe NO UG/KG NA NA 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBASE - Cha~eston, Zone G 
f" .... ri ........... c:;n ...... r .. rnlin:=l ""' ................ , ........... -_ ......... 
Stte Location Parameter Concentration Units Hazard Index %HI Risk (E-06l % Risk 

Total 0.0564 10.291 

507 B16 4,4'-000 5900 UGlKG NA 0.653 3.40 

507 B16 4,4'-00E 1400 UGlKG NA 0.220 1.14 

507 B16 4,4'-00T 360 UG/KG 0.0009 5.65 0.056 0.29 

507 B16 Aroclar 1254 NO UGlKG NA NA 

507 B16 Aroclar 1260 5800 UG/KG NA 5.351 27.86 

507 B16 Arsenic 6.7 MGlKG 0.0154 93.62 2.476 12.89 

507 B16 Benzo(a)pyrene equiv. 3083 UG/KG NA 10.381 54.06 

507 B16 alpha·BHC NO UG/KG NA NA 

507 B16 beta-BHC NO UG/KG NA NA 

507 B16 delta-BHC 61 UG/KG NA 0.051 0.26 
507 B16 gamma-SHe 28 UG/KG 0.0001 0.73 0.017 0.09 

Total 0.0165 19.204 

507 B17 4,4'·000 NO UG/KG NA NA 
507 B17 4,4'-00E 16 UG/KG NA 0.003 0.06 
507 B17 4,4'-00T 10 UG/KG 0.00003 0.09 0.002 0.03 
507 B17 Aroclor 1254 NO UG/KG NA NA 
507 B17 Aroclor 1260 100 UG/KG NA 0.092 2.03 
507 B17 Arsenic 12 MGlKG 0.0276 99.91 4.434 97.36 
507 B17 Benzo(a)pyrene equiv. 7.163 UG/KG NA 0.024 0.53 
507 B17 alpha·BHC NO UG/KG NA NA 
507 B17 beta·BHC NO UG/KG NA NA 
507 B17 delta-SHe NO UG/KG NA NA 
S07 817 namma_R~r: ND UG/KG NA NA a·· .. ·· .. 

Total 0.0276 4.555 

507 B18 4,4'-000 240 UG/KG NA 0.027 0.90 
507 B18 4,4'-00E 120 UGlKG NA 0.019 0.64 
507 B18 4,4'-00T 79 UG/KG 0.0002 2.23 0.012 0.42 
507 B18 Aroclar 1254 NO UG/KG NA NA 
507 B18 Aroclar 1260 NO UGlKG NA NA 
507 B18 Arsenic 3.9 MG/KG 0.0090 97.77 1.441 48.91 
507 B18 Benzo(a)pyrene equiv. 429.27 UG/KG NA 1.445 49.06 
507 B18 alpha-BHC NO UG/KG NA NA 
507 B18 bela-BHC NO UG/KG NA NA 
507 B18 de~a-BHC 2.2 UG/KG NA 0.002 0.06 
507 B18 gamma-SHe NO UG/KG NA NA 

Total 0.0092 2.946 

507 B19 4,4'-000 198.5 UG/KG NA 0.022 0.14 
507 Big 4,4'-DDE 625 UGiKG NA 0.098 0.60 
507 B19 4,4'-00T 233 UG/KG 0.0006 1.80 0.007 0.23 
507 B19 Aroclar 1254 NO UG/KG NA NA 
507 B19 Aroclar 1260 910 UG/KG NA 0.839 5.17 
507 B19 Arsenic 14.25 MG/KG 0.0328 98.20 5.265 32.45 
507 B19 Benzo(a)pyrene equiv. 2956.25 UG/KG NA 9.954 61.35 
507 B19 alpha-BHC NO UG/KG NA NA 
507 B19 beta·BHC NO UG/KG NA NA 
507 B19 de~a-BHC 11 UG/KG NA 0.009 0.06 
507 B19 gamma-SHe NO UG/KG NA NA 

Total 0.0334 16.225 

507 B21 4,4'-000 NO UG/KG NA NA 
507 B21 4,4'-00E NO UG/KG NA NA 
507 B21 4,4'-00T NO UG/KG NA NA 
507 B21 Aroclar 1254 NO UG/KG NA NA 
507 B21 Aroclor 1260 510000 UG/KG NA 470.477 98.34 
507 B21 Arsenic 6.7 MG/KG 0.0154 100.00 2.476 0.52 
507 B21 Benzo( a )pyrene equiv. 1620 UG/KG NA 5.455 1.14 
507 B21 alpha-BHC NO UG/KG NA NA 
507 B21 beta-BHC NO UGlKG NA NA 
507 B21 de~a-BHC NO UG/KG NA NA 
507 B21 gamma-SHe NO UG/KG NA NA 

Total 0.0154 478.408 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
5WMU 6, 5WMU 7, Ind AOC 635 
NAVBA5E - Charleston, Zone G 
f"'h""rlAd-"" ~nl"h f":!IIrt'di .. "" ......... '--'-", --_ ... -_. _ ... -

Site location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

507 B22 4,4'-000 61 UGIKG NA 0.007 0.09 

507 B22 4,4'-00E 130 UG/KG NA 0.020 0.28 

507 B22 4,4'-00T 100 UG/KG 0.0003 0.66 0.Q16 0.21 

507 B22 Aroclor 1254 NO UG/KG NA NA 

507 B22 Aroclor 1260 NO UGlKG NA NA 
507 B22 Arsenic 17 MG/KG 0.0391 99.34 6.282 66.01 
507 B22 Benzo(a)pyrene equiv. 290.81 UGlKG NA 0.979 13.41 
507 B22 alpha-BHC NO UG/KG NA NA 

507 B22 beta-BHC NO UGlKG NA NA 

507 B22 de~a-BHC NO UGlKG NA NA 

507 B22 gamma-SHe NO UGlKG NA NA 
Total 0.0393 7.304 

S07 823 A A' n,... ..... 77 UG/KG NA 0.009 0.10 ~,~-y"" .... 
507 B23 4,4'-00E 175 UG/KG NA 0.027 0.31 
507 B23 4,4'-00T 260 UGIKG 0.0007 4.26 0.041 0.47 
507 B23 Aroclor 1254 NO UG/KG NA NA 
507 B23 Aroclor 1260 1565 UG/KG NA 1.444 16.SO 
507 B23 Arsenic 6.55 MGlKG 0.0151 95.44 2.420 27.65 
507 B23 Benzo(a)pyrene equiv. 1426.85 UG/KG NA 4.804 54.90 
507 B23 alpha-BHC NO UG/KG NA NA 
507 B23 beta-BHC NO UG/KG NA NA 
507 B23 d.~-BHC NO UGlKG NA NA 
507 B23 gamma-SHe 11 UG/KG 0.00005 0.30 0.007 0.08 

Total 0.0158 8,752 

507 B24 4,4'-000 100 UG/KG NA 0.011 0.26 
507 B24 4,4'-00E 1600 UG/KG NA 0.282 6.70 
507 B24 4,4'-00T 3400 UG/KG 0.0088 49.48 0.533 12.65 
507 B24 Aroclor 1254 NO UG/KG NA NA 
507 B24 Aroclor 1260 NO UG/KG NA NA 
507 B24 Arsenic 3.9 MG/KG 0.0090 SO.52 1.441 34.19 
507 B24 Benzo(a)pyrene equiv. 578.38 UG/KG NA 1.947 48.20 
507 B24 alpha-BHC NO UG/KG NA NA 
507 B24 beta-BHC NO UG/KG NA NA 
507 B24 de~-BHC NO UG/KG NA NA 
507 B24 gamma-SHe NO UG/KG NA NA 

Total 0.0177 4.215 

507 B27 4,4'-000 82000 UG/KG NA 9.077 3.78 
507 B27 4,4'-00E NO UG/KG NA NA 
507 827 4,4'-DDT 100000 UGiKG 0.2583 43.04 15.683 6.52 
507 B27 Aroclor 1254 NO UGlKG NA NA 
507 B27 Aroclor 1260 NO UG/KG NA NA 
507 B27 Arsenic 6.4 MG/KG 0.0147 2.45 2.385 0.98 
507 B27 Benzo(a)pyrene equiv. 8309.6 UG/KG NA 27.960 11.64 
507 B27 alpha-BHC 39000 UG/KG NA 113.330 47.14 
507 B27 beta-BHC 3800 UG/KG NA 3.155 1.31 
507 B27 delta-SHe 28000 UG/KG NA 23.247 9.67 
507 B27 gamma-SHe 76000 UG/KG 0.3272 54.51 45.572 18.96 

Total 0.6002 240.408 

on, 000 4,4'-DDD 53.S UGiKG NA 0.006 0.03 ~v, ~.v 

507 B28 4,4'-00E 130 UG/KG NA 0.020 0.12 
507 B28 4,4'-00T 195 UG/KG 0.0005 1.43 0.031 0.18 
507 B28 Aroclor 1254 NO UG/KG NA NA 
507 B28 Aroclor 1260 200 UG/KG NA 0.185 1.07 
507 828 Arsenic 15.15 MG/KG 0.0348 98.57 5.598 32.52 
507 828 Benzo(a)pyrene equiv. 3377.4 UG/KG NA 11.372 66.07 
507 B28 alpha-8HC NO UG/KG NA NA 
507 B28 beta-BHC NO UG/KG NA NA 
507 828 de~a-BHC NO UG/KG NA NA 
507 B28 gamma-BHe NO UG/KG NA NA 

Total 0.0353 17.212 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBASE - Charleston, Zone G 
..... ~_.I __ , __ ~ ..... ~ I"' ....... li ...... 'V,_" ............ , ............. ' ~ .. , ..... , .. 

Sfte Location Parameter Concentratton Units Hazard Index %HI Risk (E-06) % Risk 

507 B29 4,4'-000 4000 UGlKG NA 0.443 6.54 

507 B29 4,4'-00E 830 UGlKG NA 0.130 1.92 

507 B29 4,4'-00T 2600 UGlKG 0.0072 29.81 0.439 6.48 

507 B29 Aroclor 1254 NO UG/KG NA NA 
507 B29 Aroclor 1260 NO UGlKG NA NA 
507 B29 Arsenic 7.3 MG/KG 0.0168 69.18 2.697 39.84 

507 B29 Benzo(a)pyrene equiv. 899.18 UG/KG NA 3.028 44.71 

507 B29 alpha-BHC NO UG/KG NA NA 
507 B29 beta-BHC NO UG/KG NA NA 
507 629 dena-BHC NO UG/KG NA NA 
507 B29 gamma-SHe 57 UG/KG 0.0002 1.01 0.034 0.50 

Total 0.0243 6.nl 

507 B30 4,4'-000 NO UGlKG NA NA 
S07 630 " .... ..... I"\~ NO UGlKG NA NA "',"'-I..IL.1IO;. 
507 B30 4,4'-00T 45 UG/KG 0.0001 100.00 0.007 0.01 
507 B30 Aroelor 1254 NO UGlKG NA NA 
507 B30 Aroclor 1260 NO UG/KG NA NA 
507 B30 Arsenic NO MG/KG NA NA 
507 B30 8enzo(a)pyrene equiv. 14323 UG/KG NA 48.228 99.99 
507 B30 alpha-BHC NO UG/KG NA NA 
507 B30 beta-BHC NO UG/KG NA NA 
507 B30 de~a-BHC NO UG/KG NA NA 
507 B30 gamma-BHe NO UG/KG NA NA 

Total 0.0001 48.235 

507 B31 4,4'-000 1100 UG/KG NA 0.122 6.57 
507 B31 4,4'-00E 430 UG/KG NA 0.067 3.64 
507 B31 4,4'-00T 1100 UG/KG 0.0028 46.88 0.173 9.31 
507 B31 Aroeior 1254 NO UG/KG NA NA 
507 B31 Aroc:lor 1260 NO UG/KG NA NA 
507 B31 Arsenic 1.4 MGlKG 0.0032 53.12 0.517 27.91 
507 B31 Benzo(a)pyrene equiv. 289.5 UG/KG NA 0.975 52.58 
507 B31 alpha-BHC NO UG/KG NA NA 
507 B31 beta-BHC NO UG/KG NA NA 
507 B31 de"a-BHC NO UG/KG NA NA 
507 B31 gamma-SHe NO UG/KG NA NA 

Total 0.0061 1.854 

507 B32 4,4'-000 NO UG/KG NA NA 
507 B32 4,4'-00E 6.8 UG/KG NA 0.001 20.73 
507 B32 4,4'-OOT 26 UG/KG 0.0001 100.00 0.004 79.27 
S07 B32 Arocior i 254 ND UGiKG NA NA 
507 B32 Aroclor 1260 NO UG/KG NA NA 
507 B32 Arsenic NO MG/KG NA NA 
507 B32 8enzo(a)pyrene equiv. NO UG/KG NA NA 
507 B32 alpha-BHC NO UG/KG NA NA 
507 B32 beta-BHC NO UG/KG NA NA 
507 B32 de"a-BHC NO UG/KG NA NA 
507 B32 gamma-SHe NO UG/KG NA NA 

Total 0.0001 0.005 

507 B33 4,4'-000 NO UG/KG NA NA 
507 833 4,4'-DDE ND UG/KG NA NA 
507 B33 4,4'-00T 4.7 UG/KG 0.00001 100.00 0.001 100.00 
507 B33 Aroelor 1254 NO UG/KG NA NA 
507 B33 Aroclor 1260 NO UG/KG NA NA 
507 B33 Arsenic NO MG/KG NA NA 
507 B33 Benzo(a)pyrene equiv. NO UG/KG NA NA 
507 B33 alpha-BHC NO UG/KG NA NA 
507 B33 beta-BHC NO UG/KG NA NA 
507 B33 de"a-BHC NO UG/KG NA NA 
507 B33 gamma-SHe NO UG/KG NA NA 

Total 0.00001 0.001 

507 B34 4,4'-000 180 UG/KG NA 0.020 0.39 



Table 10.12.33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
5WMU 6, 5WMU 7, and AOC 635 
NAVBA5E - Charleslon, Zone G 
..... ft ......... t..... ~ .. , .. h ,.. .. "'Ii .... 
... " .. ' .... ;00 .... ", .......... , ............ _ 

Site location Parameter Concentration Units Hazard Index %HI Risk {E.{)6l % Risk 

507 B34 4,4'-00E 28.5 UG/KG NA 0.004 0.09 

507 B34 4,4'-00T 97 UG/KG 0.0003 1.13 0.Q15 0.30 

507 B34 Aroclor 1254 NO UG/KG NA NA 

507 B34 Aroclor 1260 120 UGlKG NA 0.111 2.19 

507 B34 Arsenic 9.5 MG/KG 0.0218 98.87 3.510 69.58 

507 B34 Benzo(a)pyrene equiv. 410.575 UG/KG NA 1.382 27.40 

507 B34 alpha-BHe NO UGlKG NA NA 
507 B34 beta-BHe NO UGlKG NA NA 
507 B34 delta-BHe 2.5 UGlKG NA 0.002 0.04 

507 B34 gamma-BHe NO UGlKG NA NA 
Total 0,0221 5.045 

507 B35 4,4'-000 NO UGlKG NA NA 
507 B35 4,4'-00E NO UG/KG NA NA 
507 B35 .. A' nnT ND UGlKG NA NA ",""·LJLJ I 

507 B35 Aroclor 1254 NO UGlKG NA NA 
507 B35 Aroclor 1260 NO UGlKG NA NA 
507 B35 Arsenic 24 MG/KG 0.0552 100.00 8.866 92.97 
507 B35 Benzo(a)pyrene equiv. 199.13 UGlKG NA 0.670 7.03 
507 B35 alpha-BHC NO UGlKG NA NA 
507 B35 beta-BHe NO UGlKG NA NA 
507 B35 detta-BHC NO UG/KG NA NA 
507 B35 gamma-SHe NO UG/KG NA NA 

Total 0.0552 9.539 

S07 836 4,4'-000 8.8 UG/KG NA 0001 0.05 
507 B38 4,4'-00E 54 UG/KG NA 0.008 0.45 
507 B38 4,4'-00T 16 UG/KG 0.00D04 0.85 0.003 0.13 
507 B38 Aroclor 1254 NO UG/KG NA NA 
507 B36 Aroclor 1260 110 UG/KG NA 0.101 5.45 
507 B38 Arsenic 2.1 MG/KG 0.0048 99.15 0.776 41.67 
507 B38 Benzo(a)pyrene equiv. 288.88 UG/KG NA 0.973 52.24 
507 B38 alpha-BHC NO UG/KG NA NA 
507 B36 beta-BHC NO UG/KG NA NA 
507 B38 delta-SHe NO UG/KG NA NA 
507 B38 gamma-SHe NO UG/KG NA NA 

Tolal 0.0049 1.862 

507 B37 4,4'-000 120 UG/KG NA 0.013 0.06 
507 B37 4,4'-00E 19 UG/KG NA 0.003 0.D1 
507 B37 4,4'-00T 22 UG/KG 0.0001 0.42 0.003 0.02 
507 B37 Aroclor 1254 NO UG/KG NA NA 
S07 837 Arocior i 260 i 10 UGiKG NA 0.10i 0.45 
507 B37 Arsenic 5.8 MG/KG 0.0133 99.58 2.143 9.40 
507 B37 Benzo( a )pyrene equiv. 6098.2 UG/KG NA 20.533 90.07 
507 B37 alpha-BHC NO UG/KG NA NA 
507 B37 beta-BHe NO UG/KG NA NA 
507 B37 detta-BHC NO UG/KG NA NA 
507 B37 gamma-BHe NO UG/KG NA NA 

Total 0.0134 22.798 



> 



Oto 
to 

:> 

ill 



Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section /0 - Site Specijic Evaluations 
Revision: 0 

Table 10.12.34 summarizes the risk and hazard contribution of each COPC at each monitoring 

well location. Arsenic and beryllium are the primary contributors to risk estimates at all seven 2 

fIrst-quarter groundwater sample locations. Pentachlorophenol is a secondary contributor to risk 

estimates associated with the groundwater sample collected from monitoring well 006004. Risk 4 

estimates ranged from 2E-04 (006002) and 6E-03 (006003). Arsenic was the primary contributors 5 

to hazard index projections above unity at all seven monitoring well locations. Barium was a 6 

secondary contributor the hazard index projections associated with groundwater sample collected 7 

from monitoring wells 006003 and 006004. Hazard indices ranged from 1 (006002) to 8 

58 (006003). 9 

Groundwater - Site Worker Scenario 10 

Site worker groundwater pathway COCs identifIed for combined SWMU 6 include arsenic and II 

beryllium. Combined SWMU 6 groundwater is not currently used as a source of potable or 12 

process water nor is it anticipated to be used in the future. Risk and hazard projections under the 13 

site worker are less conservative than those calculated under the residential site use scenario. 14 

Therefore any remedial decisions regarding groundwater should consider the residential risk 15 

assessment. 16 

111\ .. ,., £ 0 .J.u • .I. .... u.O 17 

Soil 18 

Risk -based residential RGOs for surface soil were based on the lifetime weighted average risk for 19 

the site resident as presented in Table 10.12.35. Risk-based industrial RGOs were based on the 20 

site worker. Residential hazard-based RGOs were calculated based on the child resident and 21 

industrial hazard-based RGGs were calculated based on the site \vorker. 22 

10.12.234 



Table 10.12.34 
Point Estimates of Risk and Hazard - Groundwater PathWays 
Residential Scenario 
SWMU 6, SWMU 7, and AOC 635 
NAVBASE - Charleston, Zone G 
Cha!1estcn, South CaroliM 

Sfte Location Parameter Concentration Units -'rdlndex %HI Risk(E~l % Risk 

ooe 001 Arsenic (As) 8.5 UG/L 1.8113 96.42 189.8282 67.93 
ooe 001 Barium (Ba) 54 UGiL 0.0493 2.63 NA 
ooe 001 Beryllium (Be) 1.4 UGiL 0.0179 0.95 89.5342 32.07 
ooe 001 Pentachlorophenol NO UGiL NA NA 
ooe 001 Thallium all NO UG/L NA NA 

Total 1.8785 279.1824 

ooe 002 Arsenic (As) 6.1 UGiL 1.2998 96.27 136.0861 63.94 
ooe 002 Barium (Ba) 38.4 UGiL 0.0351 2.60 NA 
ooe 002 Beryllium (Be) 1.2 UGiL 0.0153 1.14 76.7436 36.06 
ooe 002 Pentachlorophenol NO UGiL NA NA 
ooe 002 Thallium (m NO UGiL NA NA 

Total 1.3503 212.8297 

ooe 003 Arsenic (As) 269 UGiL 57.3212 99.50 6001.1742 99.03 
ooe 003 Barium (Ba) 302 UGiL 0.2758 0.48 NA 
ooe 003 Beryllium (Be) 0.92 UGiL 0.0118 0.02 58.B36B 0.97 
ooe 003 Pentachlorophenol NO UGiL NA NA 
ooe 003 Thallium (Ill NO UG/L NA NA 

Total 57.6087 6060.0110 

ooe 004 Arsenic (As) 21.7 UG/L 4.8240 95.73 484.1_ 88.32 
ooe 004 Barium (Ba) 20B UG/L 0.1900 3.93 NA 
ooe 004 Beryllium (Be) 0.945 UGiL 0.0121 0.25 60.4358 11.03 
006 ()()4 Pentachlorophenol 2 UGiL 0.0043 0.09 3.5695 0.65 
ooe 004 Thallium (Ill NO UG/L NA NA 

To1al 4.6303 548.1147 

ooe 005 Arsenic (As) 7.2 UGiL 1.5342 96.75 160.6282 69.54 
ooe 005 Barium (Be) 41 UG/L 0.0374 2.36 NA 
006 005 Beryllium (Be) 1.1 UG/L 0.0141 0.89 70.3463 30.46 
006 005 Pentachlorophenol NO UGiL NA NA 
006 005 ThalliumCIIl NO UGiL NA NA 

Total 1.5858 230.9746 

006 ooe Arsenic (As) 10.1 UG/L 2.15Z2 97.06 225.3229 71.56 
ooe ooe Barium (Ba) 51.7 UG/L 0.0472 2.13 NA 
006 006 Beryllium (Be) 1.4 UG/L 0.0179 0.81 89.5342 28.44 
ooe ooe Pentachlorophenol NO UG/L NA NA 
006 006 Thallium ([11 NO UG/L NA NA 

Total 2.2173 314.8571 

006 007 Arsenic (As) 17.8 UG/L 3.7930 99.50 397.1037 94.52 
006 007 Barium (Ba) 15.7 UG/L 0.0143 0.38 NA 
006 007 Beryllium (Be) 0.36 UG/L 0.0046 0.12 23.0231 5.48 
006 007 Pentachlorophenol NO UG/L NA NA 
006 007 Thallium (Ill NO UG/L NA NA 

To1al 3.8119 420.1268 
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Groundwater 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charles/on 

Section /0 - Site Specific Evaluations 
Revision: 0 

Risk-based residential RGOs for groundwater were based on the lifetime weighted average risk 2 

for the site resident as shown in Table 10.12.36. Risk-based industrial RGOs were based on the 3 

site worker. Residential hazard-based RGOs were calculated based on the child resident and 4 

industrial hazard-based RGOs were calculated based on the site worker. 5 

10.12.7 Corrective Measures Considerations 6 

Based on the analytical results and the hutnan health risk assessment for SMWU 6, SMWU 7, and 7 

AOC 635. COCs requiring further evaluation through the CMS process have been identified for 8 

surface soil and groundwater. The site is currently in an urban setting and risk to human health 9 

was evaluated under both the residential and industrial (site worker) scenarios for incidental 10 

ingestion, dermal contact, and inhalation exposure pathways. Hazard was evaluated for 11 

noncarcinogenic contaminants through incidental ingestion, dermal contact, and inhalation 12 

scenarios as well. 13 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 14 

cumulative risk level of lE-06 or greater and/or a cumulative hazard index above 1.0, and whose 15 

individual risk exceeds lE-06 or whose hazard quotient exceeds 0.1. 16 

Antimony, Aroc1or-1254, Aroc1or-1260, arsenic, BEQs, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, 17 

dioxin, and thallium were identified as soil pathway COCs for the combined area of SMWU 6, 18 

SMWU 7, and AOC 635. Arsenic and beryllium were identified as groundwater pathway COCs 19 

for the combined area of SMWU 6, SMWU 7, and AOC 635. Table 10.12.37 presents cumulative 20 

and C~C-specific exposure risks and hazard quotients. 21 

10.12.237 



Zone G RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10 - Sire Spec£fic Evaluations 
Revision: 0 

Risk-based remedial goals for the COCs at combined area of SMWU 6, SMWU 7, and AOC 635 

for soil and groundwater are presented in Tables 10.12.35 and 10.12.36, respectively. Potential 2 

corrective measures are presented in Table 10.12.38. 

Chemical 

Soil 

Antimony 

Aroclor~1254 

Arocior-1260 

Arsenic 

BEQ. 

4.4··DDD 

4.4··DDE 

4.4·-DDT 

Dioxin 

Thallium 

Cumulative 

Groundwater 

Arsenic 

Beryllium 

Cumulative 

Note: 
ND NOI Determined 

Table lD.ll.37 
ZoneG 

SWMUs 6, 7 and AOC 635 
Cumulative and Chemical-Specific Exposure Risks and Hazard 

Risk 

Industrial Residential Industrial 

ND ND .0076 

5.3E-07 2.6E-06 0.037 

'] £1:" £"':. -.l.u ...... -vu 2.8E-05 ND 

4.4E-06 3.IE-05 0.027 

6.5E-06 3.2E-05 ND 

1.2E-06 6.IE-06 ND 

5.2E-07 2.6E-06 ND 

1.8E-06 8.4E-06 0.011 

7.IE-05 3.5E-04 ND 

ND ND .0076 

9.2E-OS 4.6E-04 O.ll 

1.4E-03 6.IE-03 8.8 

2.IE-05 9.IE-05 .0027 

1.4E-03 6.IE-03 8.8 

10.12.239 

3 

Hazard 

Residential 

0.15 

0.48 

ND 

0.547 

ND 

ND 

ND 

0.28 

ND 

0.15 

1.8 

57 

0,0[8 

57.3 



Medium 

Soil 

Groundwater 

Zone G RCRA Facility Investigation Report 
NAVBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: 0 

Table lO.U.38 
ZoneG 

SWMUs 6, 7 and AOC 635 
Potential Corrective Measures 

Compounds 

Antimony, Aroclor-1254. 
Aroclor-1260, Arsenic,'BEQs. 
4.4·-0DD. 4.4·-DDE. 4.4·-DDT. 
Dioxin. and Thallium 

Arsenic and Beryllium 

Potential Corrective Measures 

a) No Action 
b) Excavate, offsite disposal, and monitoring 
c) Containment/Capping 
d) Ex-siw. chemical/physical treatment 

a) No Action 
b) Monimring 
c) Ex-situ physical/chemical treatmem and discharge to POTW 
d) Ex-siru physical/chemical treaonent and discharge lhrough 

NPDES pennining 

10.12.240 
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